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REAL-TIME AUXILTARY COMPUTING FACILITY
APOLLO 9 OPERATIONAL SUPPbRT TEAM HANDBQOK
MISSION OPERATIONS SECTION

TRW SYSTEMS GROUP
1. INTRODUCTION

THIS DOCUMENT PRESENTS THE OPERATING INSTRUCTIONS FOR THE
APOLLD 9 REAL-TIME AUXILIARY COMPUTING FACILITY (RTACF) PROCES-
SORS AND IS INTENDED FOR USE BY THOSE TINDIVIDUALS ASSIGNED TO
THE RTACF APOLLO 9 OPERATIONAL SUPPDRT TEAM, THE PROCESSORS
DESCRIBED IN THIS HANDBOOK WERE DEVELOPED BY THE RTACF
OPERATIONAL SUPPORT TEAM TO FULFILL THE RTACF REQUIREMENTS
FOR THE SUPPORT OF THE APOLLO 9 MISSION. A DETAILED DISCUSSION
OF THESE REQUIREMENTS AND A GENERAL DESCRIPTION OF THE
PROCESSORS ARE PRESENTED IN THE RTACF APOLLO 9 FLIGHT
ANNEX (REFERENCE 1).

SINCE THE REQUIREMENTS AND THE PROCESSORS CCNFIGURED TO FUL-
FILL THOSE REQUIREMENTS WILL BE CONTINUALLY CHANGING PRIOR TO
THE MISSION, AND POSSIBLY EVEN DURING THE MISSICN, THIS
HANCBOOK HAS BEEN PLACED ON COMPUTER CARDS FOR CONVENIENCE OF
UPDAT ING.,
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‘ 2. OPERATING INSTRUCTIONS FOR THE GEMMV PROCESSORS
2.1 GENERAL

THIS SECTION PRESENTS THE TAPE SETUP AND THE CONTROL CARDS
REQUIRED TO OPERATE THE GEMMV PROCESSORS ON THE UNIVAC 1108
DATA PROCESSING SYSTEM. ALSO PRESENTED IS A BRIEF DESCRIPTION
NF EACH PROCESSOR ALONG WITH THE ON-LINE INPUTS REQUIRED FOR
THEIR OPERATION.

2.2 TAPE SETUP FOR THE UNIVAC 11C8 DATA PROCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTION
A GEMMV_PROGRAM {(PCF) TAPE
B MISSION TABLE TAPE
F MISSION DATA TAPE

243 CONTROL CARD LISTING AND ON-~LINE DECK SETUP FOR THE
UNIVAC 1108 DATA PROCESSING SYSTEM

COLUMN 1 4 8

* MSG COMMENTS
ASG A = XXXX GEMMV PROGRAM (PCF) TAPE
NUMBER
ASG B = XXXX MISSION TABLE TAPE NUMBER
ASG F = XXXX MISSICN DATA TAPE NUMBER
ASG GeNoV SCRATCH UNITS ON FASTRAND
XQT CUR EXECUTE THE FOLLOWING IN-
STRUCTIOGNS '
| : TRW AyBeFeGoNyV REWIND UNITS A¢ByFyGoNyV
‘ IN A INPUT THE ENTIRE USER PCF

FROM UNIT A

SCURCE LANGUAGE CORRECT~

- ICNS (PATCHES)
N XQT GEMMV EXECUTE GEMMV PROGRAM
XN$ N IS THE FILE NUMBER OF
THE DATA TAPE
XM$ M IS THE NUMBER OF GEMMY

TABLES TC INPUT

GEMMV TABLES



*

; @
A
A
A
. A-ARRAY UPDATES FOR PHASE
1

A

TRA 2,4 EXECUTE PHASE 1
A
A
A
. A-ARRAY UPDATES FOR PHASE 2 .
A

TRA 244 EXECUTE PHASE 2 .

. GEMMV A=ARRAY UPDATES AND

. PHASE EXECUTE CARDS
A
A
A
. A-ARRAY UPDATES FOR PHASE N
. WHERE N IS THE LAST GEMMV
. PHASE
A
A

TRA 2,4 EXECUTE PHASE N

*%FILE K LAST CARD IN THE GEMMV DECK
EOF FND OF FILE CARD

INDICATES 7/8 OVERPUNCH IN COLUMN 1

** K [IS THE NEXT FILE TO BE READ FROM THE PCF TAPE




2.4 THE GEMMV PROCESSORS

THIS SFCTION PRESENTS A BRIEF DESCRIPTICN OF THE GEMMV
PROCESSCRS ANC THE ON-LINE INPUTS REQUIRED TO 0OPERATE EACH
PROCESSOR. ALSO INCLUDED IS A FIGURE FOR EACH PROCESSOR THAT
DEPICTS THE SEQUENCE OF THE GEMMV PMASES, THE FLAGS USED TO
SKIP SPECIFIC PHASESy THE GROUPS OF PHASES THAT PERFORM FUNC-
TICNS. AND THE SPANS OF PHASES COVERED BY THE [TERATIVE (PIT)
MODE AND BOUNCARY VALUE MODE.
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2.4.1 ORBITAL MANEUVER PROCESSOR. = THIS PRCCESSOR WILL BE
USED TO SIMULATE ANY SPS OR RCS ORBITAL MANEUVER FOR WHICH THE
BURN QUANTITIES HAVE PREVIQUSLY BEEN DETERMINED. THE NUTPUT

DISPLAY FOR THIS PROCESSOR wILL BE A DMT.

e

[[1_[o]

ml

[13]

14-20

coast | NoT executep | res | 450

COAST TO APOGEE
OR PERIGEE

COAST TO APOGEE
OR PERIGEE

CALL
DMT

COAST

ORBIT MANEUVER




ORBITAL MANEUVER PROCESSOR
(FILE 7 UNIVAC 1108)

A, STANDARD GEMMV INPUT QUANTITIES FOR THE CRBITAL MANEUVER
DECK ARE LISTED BELOW

PHASE 1 = COAST TO NRBIT MANEUVER

INITIALIZATION
AS05-11 FLAGS TO SKIP APPROPRIATE PHASES
A4871-3 VECTOR IDENTIFICATICN
A368 REVOLUTION NUMBER
A93=-5 LIFT-OFF TIME{(HR, MIN, SEC)(GeMeTs)
Al1138-40 VECTOR TIME (HRs MIN, SEC){(G.M.T.)
A24C=2 POSITION COORDINATES (ER) (X,Ys2)
A248-50 VELOCITY COORDINATES (ER/HR) (X,YsZ)
A280 CURRENT WEIGHT (LB)
ORBI TAL MANEUVER
All148-50 TIME OF RCS IGNITION (HRe MIN, SEC)
(GeEWTe)
A1018-26 REFSMMAT STORED ROW-WISE (NOT NECESSARY
IF REFSMMAT 1S CCMPUTED AT IGNITION)
A912 FLAG TO CCMPUTE REFSMMAT AT DEORBIT IGNI-
TION (SINCE ALREADY SET TO 1 ON TAPE, SET
: TO O CNLY IF REFSMMAT IS INPUT.)
A913-5 IMU ROLLy PITCHs AND YAW GIMBAL ANGLES,
RESPECTIVELY (NECESSARY IF REFSMMAT IS
COMPUTED OR IF ALIGNMENT OPTION 6 IS
SPECIFIED)
A924 ALIGNMENT OPTION
A925=7 BODY ROLLy PITCH, AND YAW, RESPECTIVELY,
: WHICH CORRESPOND TO ALIGNMENT OPTION
A932 GUIDANCE OPTION
AG41-2 TERMINATION INDEX AND VALUE, RESPECTIVE-
LY, OF RCS BURN
A928-9 TERMINATION INDEX AND VALUE, RESPECTIVE-
LY, OF SPS BURN
PHASE 2 - (NOT EXECUTED)
PHASE 3 - (NOT EXECUTED)
PHASE 4 - (NOT EXECUTED)
PHASE 5 - (NOT EXECUTED)
PHASE 6 = (NOT EXECUTED)
PHASE 7 = (NOT EXECUTED)
PHASE 8 = (NOT EXECUTED)
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PHASE 9 = RCS ULLAGE PRIOR TO ORBIT MANEUVER
PHASE 10 - SPS ORBIT MANEUVER
Al120 INTEGRATION INTERVAL (MUST BE SET TO 0.25

SEC ONLY WHEN ORBITAL MANEUVER BURN IS
LESS THAN C.50 SEC.)

PHASE 11 - COAST TO APOGEE OR PERIGEE
PHASE 12 - COAST TO APOGEE OR PERIGEE
PHASE 13 — SHORT DURATICN COAST
PHASE 14 - COAST FOR 1 SEC
A139 SET TO 1 TO TERMINATE RUN.

PHASES 15-20 - COAST FOR 1 SEC
B. IF A NAVIGATION UPDATE IS REQUIRED AT 12 MINUTES PRIOR TO
sPS IGNITION, SET IN ADDITION THE FOLLOWING INDIC=S!
PHASF 1 = COAST TO ORBIT MANEUVER
Al1148-=50 GeEoTo WHICH IS 12 MINUTES PRIOR TO SPS
IGNITION (HR, MIN, SEC)(THIS SHOULD RE-
PLACE THE RCS IGNITICN TIME.)
A4270 SET TO 1 TO OBTAIN NAVIGATION UPDATE AT
THE END OF THE FIRST PHASE.
PHASE 8 —= COAST FROM FIXED DELTA T SEPARATION TO DEORBIT
A648-9 TERMINATION INDEX AND VALUE, RESPECTIVELY
(NORMALLY, THE INDEX SHOULD BE 123, AND
THE VALUE SHOULD BE 705 SEC,)

Co IF P=40 DELTA V'S OR P-30 DELTA V'S AND DELTA V RESIDUALS
IN THE RCS CONTROL ARE TO BE INPUT, SET IN ADDITION THE
FOLLOWING INDICES®

PHASE 1 - INITIAL COAST PHASE
A925 ROLL ANGLE AT IGNITICN (LVLH)

PHASE 9 - ULLAGE PRIOR TO DEORBIT BURN

A9Q6-8 RESIDUAL DELTA VX, DELTA VY, DELTA VZ,
INPUT, RESPECTIVELY

A999-1001 P-40 DELTA VX, DELTA VY, DELTA VZ INPUT,
RESPECTIVELY

AG87-9 P-30 DELTA VX, DELTA VY, DELTA VZ INPUT,
RESPECTIVELY
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2.4.2 AVERAGE-G NAVIGATIGN EVALUATICN PROCESSOR. = THIS
PROCESSOR WILL BE USED TO DETERMINE WHETHER IT IS NECESSARY TO
PERFORM A NAVIGATION UPDATE PRIOR TO A PLANNED MANEUVER.

THE NAVIGATION UPDATE EVALUATION IS PERFCRMEL BY THE GEMMV
PRNGRAM BY FEMPLOYING THE FOLLOWING LOGIC. A SPACECRAFT TELE-
METRY VECTOR AND A RTCC STATE VECTOR ARE INPUT IN PHASE 1 AND
PROPAGATED TO THE MANEUVER TIME. THE MANEUVER IS SIMULATED
USING THE TELEMETRY VECTOR AND CMC GUIDANCE. THEN THE INCRE- ‘

MENTAL VELOCITIES THROUGHOUT THE SIMULATICN ARE APPLIED TO THE
RTCC STATE VECTOR.

[ 7 [ [ B [e] [ [s] 1

COAST TO APOGEE | COAST TO APOGEE COAST TO APOGEE | COAST TO APOGEE | CALL

COAST | RCS | SPS OR PERIGEE OR PERIGEE CALL DMT OR PERIGEE OR PERIGEE oMmT
VECTOR | . VECTOR 2
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A,

AVERAGE-G NAVIGATION EVALUATICN PROCESSOR

(FILE 9 UNIVAC 1108)

STANCARD GEMMV INPUT QUANTITIES FOR AVERAGE-G DECK ARE
LISTED BELOW. ~

PHASF 1 - COAST TO ULLAGE PHASE

VECTOR 1

A48171-3 VECTOR IDENTIFICATICN

A368 REVOLUTION NUMBER

A93-5 LIFT-0OFF TIME (HR, MIN,y, SEC)(GeM.T.)

A1138-40 VECTOR TIME (HRy MIN, SEC)(GeM.T,.)

A240-2 POSITION COORDINATES (ER)M(X, Y, Z)

A248-50 VELOCITY COORDINATES (ER/HR)(X,Ys2)

A280 CURRENT WEIGHT (LB)

VECTOR 2

A2138-40 VECTOR TIME (HR, MIN, SEC)(GeM.T.)

A1240-2 POSITION COORDINATES (ER) (XsYy2Z)

A1248-50 VELOCITY COORDINATES (ER/HR) (X, Y, Z)

Al1280 CURRENT WEIGHT (LB}

A96 SET TO 1 IF VECTOR TIMES ARE DIFFERENT.

ORBIT MANEUVER

Al148-50 TIME OF RCS IGNITION (HR, MIN, SEC)
(GeEoTo)

Al1018-26 REFSMMAT STORED ROW-WISE (NOT NECESSARY
IF REFSMMAT IS CCMPUTED AT IGNITION)

A912 SET TO 0 FOR INPUT REFSMMAT

A913-5 IMU ROLL, PITCHy AND YAW GIMBAL ANGLES,
RESPECTIVELY (NECESSARY IF REFSMMAT IS
COMPUTED)

A924 ALIGNMENT OPTION

A925-7 BODY ROLLy PITCH, AND YAW ANGLES, RES-
PECTIVELYy WHICH CORRESFPOND TO ALIGNMENT
OPTION

A932 GUIDANCE OPTION

A941-2 TERMINATION INDEX AND VALUE, RESPECT-
IVELY, OF RCS ULLAGE BURN

A928-9 TERMINATION INDEX AND VALUE, RESPECT-

IVELY, OF SPS MANEUVER
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PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE

VINOCMPWN

RCS ULLAGE PHASE

SPS MANEUVER PHASE

COAST TO FIRST GAMMA STOP (VECTOR 1)

COAST TO SECOND GAMMA STOP (VECTCR 1)
TEN-SECOND COAST CALL DMT (VECTCR 1)
COAST TO FIRST GAMMA STOP (VECTOR 2)

COAST TO SFCOND GAMMA STOP (VECTOR 2)
TEN-SECOND COAST CALL DMT (VECTCR 2)

PHASE 10 = RUN TERMINATION

A139

SET TO 1 TO TERMINATE RUN.







2.4.3 CONTINGENCY LANDING AREA (CLA) PROCE SSOR. = THIS
PROCESSOR WILL BE USED TO DETERMINE THE DEORBIT MANEUVER IGNI-
TICN TIME REQUIRED TO ACHIEVE A TARGET LONGITUDE WHICH IS
NORMALLY LOCATED IN A CONTINGENCY LANDING AREA. THIS PROCESSOR
HAS THE CAPABILITY TO SIMULATE A MANEUVER AT A FIXED TIME OR AT
A SPECIFIED TIME INTERVAL PRIOR TO THE DEORBIT MANEUVER, AND AN
ENTRY PROFILE CONSISTING OF A CONSTANT LIFT VECTOR ORIENTATION
TO A SPECIFIED G-LOAD, AND THEN A CONSTANT BANK ANGLE TO DROGUE
CHUTE DEPOLYMENT, THIS PROCESSOR CAN ALSO SIMULATE A ZERO AND
FULL LIFT ENTRY PROFILE.

M AR M 6 6E 66 666w

a%05 | %06 | As0s as07 | A908 | A0y A9 A933
AST 0 A9
o res | sbs | conast | SP#5T | hes | ses | coast | R€S | Tsps | 40 | 30K | xgs | R-3% [MAX MIN

A A

ar=0 M M
FIXED TIME SEP ' FIXED AT SEP DEORBIT BURN ENTRY I

e PIT MODE |




CONTINGENCY LANDING AREA PROCESSOR

(FILE 1 UNIVAC 11(C8)

A. STANCARD GEMMV INPUT QUANTITIES FOR THE CLA DECK ARE
LISTED BELOH.

PHASE 1 - INITIAL COAST PHASE

INITIALIZATION
A9GS-11 FLAGS TO SKIP APPROPRIATE PHASES
A4B871-3 VECTOR IDENTIFICATICN
A368 REVOLUTICN NUMBER
AG3=5 LIFT-0FF TIME (HRy MIN, SEC)(GeM.T,)
A1138-49 VECTOR TIME (HR, MIN, SEC)(GaM.T.)
A240-2 POSITION COORDINATES (ER) (XyY,2)
A248-50 VELOCITY COORDINATES (ER/HR) (XyY,2)
A280 CURRENT WEIGHT (LB)
Al19Cé6 ITERATION FLAG (SET TO 1 TO SUPPRESS
ITERATION)
FIXED TIME MANEUVER
Al1148-50 TIME OF RCS IGNITION (HR, MIN, SEC)
(GeEWTo)
A916 ALIGNMENT OPTIGON FNR MANEUVER
AS17-9 BODY ROLLy PITCHs AND YAW ANGLES, RESPEC-
TIVELYy, WHICH CORRESPOND TO THE ALIGNMENT
OPTION
A931 GUIDANCE OPTION FOR MANEUVER
AG20-1 TERMINATION INDEX AND VALUE, RESPECTIVELY,
OF RCS BURN
A922~-3 TERMINATION INDEX AND VALUE, RESPECTIVELY,
OF SPS BURN
FIXED DELTA T MANEUVER
All48-50 TIME OF RCS IGNITION (HR, MIN, SEC)
(GeEoTe)
A916 ALIGNMENT OPTICN FOR MANEUVER
A917-9 BODY ROLLes PITCH, AND YAW ANGLES,
RESPECTIVELY, WHICH CORRESPOND TO THE
ALIGNMENT OPTICN
A931 GUIDANCE OPTION FOR MANEUVER
A920~-1 TERMINATION INDEX AND VALUEs RESPECTIVELY,
OF RCS BURN
A922-3 TERMINATION INDEX AND VALUE, RESPECTIVELY,

OF SPS BURN

DEORBIT MANEUVER



Al1148-50

A1018=-26

Agl2

A913-5

A92 4
A925-17

A932
A941-2

A928-9

Ag01

A902

A1902

A911

A29C7

CA1172

A9C 4
A933

PHASE
PHASE
PHASE
PHASE

VS WN
!

TIME OF RCS IGNITION (HR,s MIN, SEC)
(GsE.Te)

IF A FIXED TIME MANEUVER HAS BEEN PER~-
FORMEDs SET A1148-50 IN PHASE 4 INSTEAD
OF PHASE 1.

REFSMMAT STORED ROW-WISE (NOT NECESSARY
IF REFSMMAT IS CCMPUTED AT IGNITION)
FLAG TO CCMPUTE REFSMMAT AT DEORBIT
IGNITION (SINCE ALREADY SET TO 1 ON TAPE
SET TO O ONLY IF REFSMMAT IS INPUT.)

IMU ROLL, PITCH, AND YAW GIMBAL ANGLES,
RESPECTIVELY (NECESSARY IF REFSMMAT IS
COMPUTED OR IF ALIGNMENT OPTION 6 IS
SPECIFIED)

ALIGNMENT OPTION

BODY ROLLy PITCH, AND YAW, RESPECTIVELY,
WHICH CORRESPOND TO ALIGNMENT OPTION
GUIDANCE OPTIGCN

TERMINATICN INDEX AND VALUEs RESPECTIVE=-
LYy OF RCS BURN

TERMINATION INDEX AND VALUE, RESPECTIVE-
LY, OF SPS DEORBIT BURN

ENTRY
LIFT VECTOR ORIENTATICN (BANK ANGLE)
FLOWN TO A SPECIFIED G-LEVEL (USED ONLY
IF AS11 IS SET 70 0O)
LIFT VECTOR ORIENTATION (BANK ANGLE)
FLOWN FROM A SPECIFIED G-LEVEL (IF A91l1l=
0) OR FROM 300K FEET (IFf A91l1l=1)
LONGITUDE OF TARGET
SET TO O TO EXECUTE THE COAST TO X=G'S
PHASE.
SET TO SPECIFIED G-LEVEL TQ INITIATE THE
ENTRY MODE (NECESSARY CNLY IF A91l IS
SET T0 O).
ENTRY LIFT MULTIPLIER TO BE USED FROM A
SPECIFIED G-LEVEL (IF A911=0) OR FROM
300K FEET (IF AS1ll=1)
ENTRY WEIGHT (LB)
SET TO O IF FOOTPRINT IS DESIRED.

- FIXEC TIME RCS SEPARATIGN

- FIXED TIME SPS SEPARATION

COAST AFTER FIXED TIME SEPARATICN
- COAST TO DEORBIT BURN

PHASE 6 - RCS SEPARATION AT FIXED TIME PRICR TO DEORBIT

AQ7

NUMBER OF SECONDS AFTER THE FIXED DELTA
T MANEUVER INITIATICN THAT PHASE 6 IS TO
TERMINATE (SET TO A LARGE NUMBER IF A
TERMINATICN IS INPUT FOR PHASE 6)
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Be

C.

PHASE
PHASE
PHASE
PHASF

OO o~
1

SPS SEPARATION AT FIXED TIME PRICR TO DEORBIT
COAST FROM SEPARATION TO DEQRBIT
RCS ULLAGE PRIOR TO DEORBIT BURN
RCS ULLAGE PRIOR TO DEORBIT BURN

PHASE 10 - SPS DEORBIT BURN

PHASE 11 - COAST TO 433K FEET

PHASE 12 - COAST TO 200K FEET

PHASE 13 - COAST TO X-G POINT

PHASE 14 - COAST TO 23.3K FEET

PHASFE 15 - MAXIMUM LIFT FOOTPRINT EXECUTICN
PHASE 16 = MINIMUM LIFT FOOTPRINT EXECUTICN

IF A NAVIGATION UPDATE IS REQUIRED AT 12 MINUTES PRIOR
TO DEORBIT IGNITION, SET IN ADDITION THE FOLLOWING

INDICES.,

PHASE 1 = INITIAL COAST

Al148-50

A9C9

GeEeTe WHICH IS 12 MINUTES PRIOR TO DE-
ORBIT IGNITION (HR, MIN, SEC)(THIS
SHOULD REPLACE THE RCS IGNITION TIME,.)
SET 7O O SO THAT THE COAST FROM SEPARA-
TION TO DEORBIT PHASE WILL BE EXECUTED.
(THIS PHASE WILL BE USED TO EXECUTE THE
NAVIGATION UPDATE,.)

PHASE 5 - COAST TO DEORBIT BURN

A42 70

SET TO 1 TO EXECUTE NAVIGATION UPDATE AT
END OF THIS PHASE.

PHASE 8 - COAST FROM SEPARATION TO DEORBIT

A649

SET TO 705 TO TERMINATE THIS COAST 705
SECONDS PRIOR TO RCS ULLAGE.(IN CASE OF
AN RCS DEORBIT BURN THIS VALUE SHOULD BE
SET TO 720 SECONDS.)

IF P~40 DELTA V'S OR P-30 DELTA V'S AND DELTA V

RESTDUALS IN THE RCS CONTROL AXIS ARE TO BE INPUT, SET
IN ADDITION THE FOLLOWING INDICES,

PHASE 1 - INITIAL COAST PHASE

A925

ROLL ANGLE AT IGNITICN (LVLH)

PHASE 9 - ULLAGE PRIOR TO DEORBIT BURN

A996-8
A999-1001

A987-9

RESIDUAL DELTA VX, DELTA VY, DELTA vZ
INPUT, RESPECTIVELY

P-40 DELTA VX, DELTA VY, DELTA VZ INPUT,
RESPECTIVELY

P-30 DELTA VXy DELTA VY, DELTA VZ INPUT,
RESPECTIVELY
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C. IF IT IS DESIRED TO ITERATE ON DELTA V WHILE HOLDING TIME
OF IGNITION FIXED, SET IN ADDITICN THE FOLLOWING INDICES,.

PHASE 1 - INITIAL COAST PHASE

Al1901 SET TO O TO CALL SPECIAL ITERATION IN
P1T MODE. -

Al47 SET TO 6 TO START ITERATIVE LOOP AT
BEGINNING OF SPS DEORBIT PHASE.

Al48-9 TARGET INDEX AND VALUE, RESPECTIVELY,

FOR PIT MODE

E. IF IT IS DESIRED TO COMPUTE A REFSMMAT AT SOME TIME

OTHER THAN DEORBIT IGNITIONs, SET IN ADDITION THE FCOLLOWING
INDEXe

PHASE - WHERE REFSMMAT IS DESIRED )

A1128 SET TO 1 TO COMPUTE REFSMMAT AT
BEGINNING OF THE PHASE.







2.4.4 PRIMARY LANDING AREA (PLA) PROCESSOR, - THIS PROCESSOR
WILL BE USED TO DETERMINE THE DEORBIT MANEUVER IGNITION TIME AND
THE TIME TO REVERSE BANK ANGLE REQUIRED TO ACHIEVE A TARGET
(LONGITUDE AND LATITUDE) LANDING POINT WHICH IS NORMALLY LOCATED
IN A PRIMARY LANDING AREA., IT HAS THE CAPABILITY TO SIMULATE A
MANEUVER AT A FIXED TIME OR AT A SPECIFIED TIME INTERVAL PRIOR
TQ THE DEORBIT MANEUVER, THE DEORBIT MANEUVER, AND AN ENTRY
PROFILE CONSISTING OF A SPECIFIED LIFT VECTCR ORIENTATICN TO A
GIVEN G-L0OAD, AND THEN A POSITIVE BANK ANGLE FCLLOWED BY THE
NEGATIVE OF THAT BANK ANGLE TO DROGUE CHUTE DEPLOYMENT. THE
PROCESSOR ALSO HAS THE CAPABILITY TO SIMULATE A ZERO AND FULL
LIFT ENTRY PROFILE.

THE PLA PROCESSOR IS THE ONLY GEMMV PROCESSOR THAT EMPLOYS
T+F BOUNDARY VALUE MODE. THE PROCESSOR USES THE ITERATIVE MODE
(PIT)s PRINR TO THE BOUNDARY MODE, TO DETERMINE THE IGNITION
TIME REQUIRED TO ACHIEVE A LONGITUDE TARGET LANDING POINT .
THIS IGNITION TIME IS THEN USED BY THE BOUNDARY VALUE MODE AS
AN INITIAL GUESS. IF THE IGNITION TIME TO ACHIEVE A LONGITUDE
TARGET IS AVAILABLE, THE PIT MODE MAY BE SUPPRESSED.

[0 Gl Gl G161 [ Gl 61 1 Lo [ [ [l [

coast | A905 | av0s | ag0s ao07 | Asoe | A909 A910 A9
res | ses” | coast [COMT faes | 'ses | comst | RS | “sps | 40| 30| ygs | 223

[—

FIXED TIME SEP ) At~ 0 FIXED AT SEP DEORBI'T BURN ENYTRY I

i PIT MODE i

0 I o O B e O o I O - R e B =

s | asoe | asos A910 A9l
@-—colm Res | spe | Oy | eS| Ape [ 4ok | d00c f AT mank ] ReveRsE BanK | 20.3¢ fr

| M0 FIXED AT SEP DEORSIT BURN ENTRY FOOTPRINT

|
e BOUNDARY MODE |
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A.

PRIMARY LANDING AREA PROCESSOR

PHASE 1 -

A905-11
A48T71-3
A368
A93-5
Al1138-40
A24C-2
A248-50
A280
Al19C6

Al1148-50
A916
A917-9
A931
Ag920~-1

A922-3

Al1148-50
Ag91l6
A917-9
A931
AG20~-1

A922-3

INI

(FILE 2 UNIVAC 1108)

INITIAL COAST PHASE

TIALIZATIGN

STANDARD GEMMV INPUT OUANTITIES FOR THE PLA DECK ARE
LISTEC BELOW

FLAGS TO SKIP APPROPRIATE PHASES
VECTOR IDENTIFICATICN

REVOLUTI

LIFT-0FF TIME (HR,

ON NUMBER
MIN,

VECTOR TIME (HRy MIN, SEC)
POSITION COORDINATES (ER) (Xy Y, 2Z)

VELOCITY COORDINATES (ER/HR) (X, Y, Z)

CURRENT

ITERATION FLAG (SET TO 1 TO SUPPRESS

WEIGHT (LB}

ITERATION)

FIXED TIME MANEUVER

TIME OF
(GeEWeTe)

RCS IGNITION (HR,

SEC)

(GeMaTe)

MIN, SEC)

ALIGNMENT OPTION FOR MANEUVER
RODY ROLLs PITCHs AND YAW

RESPECTIVELY,

THE ALIGNMENT OPTIGN
GUIDANCE OPTION FOR MANEUVER
TERMINATION INDEX AND VALUE,
RESPECTIVELY, OF RCS BURN
TERMINATION INDEX AND VALUE,
RESPECTIVELY, OF SPS BURN

ANGLES

WHICH CORRESPOND TO

FIXED DELTA T MANEUVER
TIME OF RCS IGNITIGN (HR,

(GeEeTas)

MIN, SEC)

ALIGNMENT OPTION FOR MANEUVER
BODY ROLL, PITCH, AND YAW

RESPECTIVELY,

THE ALIGNMENT QPTION
GUIDANCE OPTION FOR MANEUVER

TERMINATION INDEX AND

RESPECTIVELY, OF RCS BURN
TERMINATION INDEX AND VALUE,

RESPECTI

VELY, OF SPS BURN

ANGLES,

WHICH CORRESPOND TO

VALUE,

(GeMeTe)



A1148-50

A1018-26

A912

A913-5

A924
A925-17

A932
A941=-2

Ag28-9

A901
A902
A1902-3

A9ll

A29C7

Al1172

A90 4
AG33

PHASE
PHASE
PHASF
PHASE

N HWN
i

PHASE

o
'

AQ7

DEORBIT MANEUVER
TIME OF RCS IGNITION (HR, MIN, SEC)
{G.E.Te) IF A FIXED TIME MANEUVER HAS
BEEN PERFORMED, SET Al148-50 IN
PHASE 4 INSTEAD OF PHASE 1.
REFSMMAT STORED ROW-WISE (NOT NECESSARY
IF REFSMMAT IS COMPUTED AT IGNITION)
FLAG TO CCMPUTE REFSMMAT AT DEORBIT
IGNITICN (SINCE ALREADY SET TO 1 ON TAPE,
SET TO O ONLY IF REFSMMAT IS INPUT.)
IMU ROLL, PITCHy AND YAW GIMBAL ANGLES,
RESPECTIVELY (NECESSARY IF REFSMMAT IS
COMPUTED OR IF ALIGNMENT OPTION 6
1S SPECIFIED)
ALIGNMENT OPTIOCN
BODY ROLL, PITCH, AND YAW RESPECTIVELY,
WHICH CORRESPOND TO ALIGNMENT OPTICN
GUIDANCE OPTION
TERMINATION INDEX AND VALUE,
RESPECTIVELY, OF RCS BURN
TERMINATION INDEX AND VALUE,
RESPECTIVELY, OF SPS BURN

ENTRY
LIFT VECTOR ORIENTATION (BANK ANGLE)
FLOWN TO A SPECIFIED G-LEVEL (USED ONLY
IF A911 IS SET TO 0.}
LIFT VECTOR ORIENTATIGN (BANK ANGLE)
FLOWN FROM A SPECIFIED G-LEVEL (IF A91l
= ¢) IF A911 = 1, SEE F.
LONGITUDE AND LATITUDE OF THE TARGET
SET TO O TO EXECUTE THE COAST TO X=G'S
PHASE .
SET TO SPECIFIED G-LEVEL TO INITIATE
THE ENTRY MODE (NECESSARY ONLY IF
A911 IS SET 7O O.)
ENTRY LIFT MULTIPLIER TO BE USED FROM A
SPECIFIED G-LEVEL (IF A911=0) DR FROM
30CK FEET (IF A91ll=1)
ENTRY WEIGHT (LB)
SET TO O IF FOOTPRINT IS DESIRED.

- FIXED TIME RCS SEPARATION

FIXED TIME SPS SEPARATION

- COAST AFTER FIXED TIME SEPARATION
- COAST TO DEGRBIT BURN

RCS SEPARATION AT FIXED TIME PRICR TO DEORBIT

NUMBER OF SECONDS AFTER THE FIXED DELTA T
MANEUVER INITIATION THAT PHASE 6 IS TO
TERMINATE (SET TO A LARGE NUMBER IF A
TERMINATION IS INPUT FOR PHASE 6)
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PHASE 7 - SPS SEPARATION AT FIXED TIME PRICR TO DEORBIT
PHASE 8 -~ COAST FROM SEPARATION TO DEOQRBIT
PHASE 9 = RCS ULLAGE PRIOR TO DEORBIT BURN

PHASE 10
PHASE 11
PHASE 12
PHASE 13
PHASE 14

PHASE 15

A655

PHASFE 16
PHASE 17
PHASE 18
PHASE 19
PHASE 20
PHASE 21
PHASE 22
PHASE 23
PHASE 24
PHASE 25
PHASE 26
PHASE 27
PHASE 28

SPS DEORBIT BURN
COAST TO 400K FEET
COAST TO 300K FEET
COAST TO X=G POINT
COAST TO 23.3K FEET

COAST TO DEORBIT

SET TO 1250CC ONLY IF A911 = O,
A301 = 180, AND A2907 = 1.

RCS SEPARATION AT FIXED TIME PRIQOR TO DEORBIT
SPS SEPARATION AT FIXED TIME PRIOR TO DEORBIT
COAST FROM SEPARATION YO DEORBIT

RCS ULLAGE PRIOR TO DEQRBIT BURN

SPS DEORBIT BURN

COAST TO 400K FEET

COAST TO 300K FEET

COAST T2 X=G POINT

COAST TO BANK REVERSE

REVERSE BANK

COAST T0O 23.3K FEET

MAXIMUM LIFT FOOTPRINT EXECUTION

MINIMUM LIFT FOOTPRINT EXECUTION

IF A NAVIGATION UPDATE IS REQUIRED AT 12 MINUTES PRIOR
TO DEORBIT IGNITION, SET IN ADDITION THE FOLLOWING INDICES

PHASE 1 - INITIAL COAST
Al148-50 GeEeToe WHICH IS 12 MINUTES PRIOR TO
DEORBIT IGNITION (HR, MIN, SEC) (THIS
SHOULD REPLACE THE RCS IGNITION TIME.)
A909 SET TO O SO THAT THE COAST FROM

SEPARATION TO DEORBIT PHASE WILL BE
EXECUTED. (THIS PHASE WILL BE USED
TO EXECUTE THE NAVIGATION UPDATE,.)

PHASE 8 - COAST FROM SEPARATION TO DEQRBIT (PIT MODE)

AND

PHASE 18 - COAST FROM SEPARATION TO DEORBIT (BOUNGARY MODE)

AL L O
RO D

SEY 7O 705 TO TERMINATE THIS COAST 705
SECONDS PRIOR TO RCS ULLAGE (FOR AN RCS
DEORBIT BURN THIS VALUE SHOULD BE SET TO
720 SECONDS.)

PHASE 15 = COAST TO DEORBIT BURN

A4270

SET TO 1 TO EXECUTE NAVIGATION UPDATE AT
END OF THIS PHASE.
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C. IF P=-40 DELTA V'S OF P=30 DELTA V'S AND DELTA V RESIDUAL
IN THE RCS CONTROL AXES ARE TO BE INPUT, SET IN
ADDITION THE FOLLOWING INDICES

PHASFE 1 = INITIAL COAST PHASE
AG25 ROLL ANGLE AT IGNITICN (LVLH)
PHASF 9 - ULLAGE PRIOR TC DEORBIT BURN

AND
PHASE 19 - ULLAGE PRIOR TO DEORBIT BURN

AG96-8 RESIDUAL DELTA VX, DELTA VY, DELTA VI -
INPUT, RESPECTIVELY

AG99-1001 P-40 DELTA VX, DELTA VY, DELTA VZ INPUT,
RESPECTIVELY -

OR

A987-9 P-30 DELTA VX, DELTA VY, DELTA VZ INPUT,
RESPECTIVELY

D, IF IT IS DESIRED TO ITERATE ON DELTA V WHILE HOLOING TIME
OF IGNITION FIXEDs, SET IN ADDITION THE FOLLOWING INDICES

PHASE 1 = INITIAL COAST PHASE

A1901 SET TO O TO CALL SPECIAL ITERATION IN
PIT MODE.

Ala47 SET TO 6 TO START ITERATIVE LOOP AT
BEGINNING OF SPS DEORBIT PHASE.

Al148-9 TARGET INDEX AND VALUE, RESPECTIVELY,

FOR PIT MODE

E. IF IT IS DESIRED TO SUPPRESS THE PIT MODE, SET IN
ADDITION THE FOLLOWING INDEX

PHASE 1 - INITIAL COAST PHASE
A19C6 SET T0 1.

Fe IF THE COAST TO X-G POINT PHASE IS NOT EXECUTED, SET IN
ADDITION THE FOLLOWING INDICES®

PHASE 1 - INITIAL COAST PHASE

A902 SET TO O.

PHASE 15 = COAST TO DEORBIT

A902 LIFT VECTOR ORIENTATION (BANK ANGLE)
FLOWN FROM 300K FEET







2.4.5 HYBRID DEORBIT PROCESSOR, -THIS PROCESSOR WILL BE
USED TO DETERMINE THE HYBRID DEQRBIT IGNITION TIME REQUIRED TO
ACHIEVE A TARGET LONGITUDE. THIS PROCESSOR HAS THE CAPABILITY
TO SIMULATE A MANEUVER AT A SPECIFIED TIME, THE HYBRID DEORBIT
MANEUVER, AND ENTRY PROFILE CONSISTING OF A CONSTANT LIFT
VECTOR ORIENTATION TO A SPECIFIED G-LOAD, AND THEN A CONSTANT
BANK ANGLE TO DROGUE CHUTE DEPLOYMENT,

A HYBRID DEORBIT IS PERFORMED IN TWO BURNS BY USING THE SM
AND CM RCS THRUSTERS TO ACCOMPLISH A FIXED INCREMENTAL VELOCITY
CHANGE WITH A CONSTANT INERTIAL THRUST VECTOR ORIENTATION.

THIS ORIENTATION IS DEFINED AS FOLLOWS. AT THE CENTROID OF
THE HYBRID DEORBIT BURNS, THE THRUST VECTOR DIRECTION IS
OPPOSITF THE GEOCENTRIC LOCAL HORIZONTAL. AFTER THE CM/RCS
RURNs A 60-SECOND COAST ALLOWS TIME TO PERFORM CM/RCS
SEPARATION AND REORIENTATION OF THE CM SO THAT THE EFFECTIVE
THRUST VECTOR ORIENTATION REMAINS CONSTANT.

THE KYBRID DEORBIT BURN IS SIMULATED BY THE GEMMV PROGRAM
BY FMPLOYING THE FOLLOWING LOGIC. IN PHASE & THE VECTOR IS
PROPAGATED TO TKE SM/RCS BURN TIME AND THE NECESSARY QUANTITIES
ARE INPUT TO CALCULATE AN ANALYTIC CENTROID OF THE COMBINATION
BURN. PHASE 6 WHICH IS EXECUTED NEXT, PERFORMS THE CENTROID
CALCULATION, PROPAGATES THE TRAJECTORY TO THE CENTROID,
PERFORMS THE NECESSARY LVLH THRUST VECTOR ATTITUDE ALIGNMENT,
PROPAGATFS BACKWARD TO SM/RCS BURN INITIATION HOLDING THE
INERTIAL ATTITUDE, AND THEN INTEGRATES THROUGH THE SM/RCS BURN.
THE TRAJECTORY IS THEN PROPAGATED TO CM/RCS BURN INITIATION
IN PHASE 8, AND THE CM/RCS BURN IS SIMULATED IN PHASE 9.

M G Gl [ G [ 2 I ) B £ I [ [ _f7] [s] [ [ise]

AV33
A905 | A90s | A90s A7 A908 A909 A910 A9
cOast | RZe | ‘5% | onst | COAST | smmes | noTexecuten | coast | EMRCS | norexecuten | 400 | 300K | xgs | 233 TMAX MiIN

- A

) e -
FIXED TIME l ot =0 HYBRID BURN ENTRY I FOOTPRINT
SEP

r}

} PIT MODE |
U L
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HYBRID DEORBIT PROCESSOR

(FILE 8 UNIVAC 1108)

A, STANDARD GEMMYV INPUT QUANTITIES FOR THE HYBRID DEOQORBIT
DECK LISTED BELUW

PHASE 1 = INITIAL COAST PHASE

INITIALIZATION

A905-11 FLAGS TO SKIP APPROPRIATE PHASES

A4871-3 VECTOR IDENTIFICATIGN

A368 REVOLUTION NUMBER

A93-5 LIFT-OFF TIME (HR, MIN, SEC) (GeM.T.)

A1138-40 VECTOR TIME (HRs MIN, SEC) (GeM.T,)

A240-2 POSITION COORDINATES (ER) (Xy Y, 2)

A248-50 VELOCITY COORDINATES (ER/HR) (X, Y, Z)

A280 CURRENT WEIGHT 1LB)

A1906 ITERATION FLAG (ALREADY SET TO O ON TAPE
SET TO 1 TO SUPPRESS ITERATION.)

HYBRID DEORBIT MANEUVER

A1148-50 TIME OF RCS IGNITION (HR, MIN, SEC)
(GeEoT.)

A1018-26 REFSMMAT STORED ROW-WISE (NOT NECESSARY
IF REFSMMAT IS CCMPUTED AT IGNITION)

A912 FLAG TO COMPUTE REFSMMAT AT DEORBIT
IGNITION (SINCE ALREADY SET TO 1 ON TAPE,
SET TO O CNLY IF REFSMMAT IS INPUT.)

A9113-5 IMU ROLL, PITCH, AND YAW GIMBAL ANGLES,
RESPECTIVELY, (NECESSARY IF REFSMMAT IS
COMPUTED OR IF ALIGHMENT OPTION 6 IS
SPECIFIED)

A916 ALIGNMENT OPTICN FOR HYBRID MANEUVER
(SET TO 1 ON TAPE.)

A917-9 BODY ROLLs PITCH, AND YAW ANGLES,
RESPECTIVELY, WHICH CORRESPOND TO THE
ALIGNMENT OPTION (SET TO 0, O, 180 ON
TAPE. )

A925 CM BODY ROLL (SET TO 180 ON TAPE.)

A931 HYBRID DEORBIT GUIDANCE COPTION
(SET TO 6 ON TAPE.)

A904 CM PREBURN WEIGHT

A2923 DELTA V OF SM RCS BURN

A2924 DELTA T OF COAST BETWEEN SM RCS AND CM
RCS BURNS (SET TO 60 ON TAPE.)

A2925 DELTA V OF CM RCS BURN

A901 LIFT VECTOR ORIENTATION (BANK ANGLE)

FLOWN TO A SPECIFIED G-LEVEL (USED ONLY
IF A911 IS SET 7O 0)
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A902

Al1902
Agl1l

A29C7

Al1172

A933

PHASE
PHASE
PHASE

PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASE
PHASF
PHASE

Be

2

3

4
PHASF & -

6

7

8

Q

LIFT VECTOR ORIENTATION (BANK ANGLE)
FLOWN FROM A SPECIFIED G-LEVEL (IF

A911 = 0) DR FRCM 300K FEET (IF A91l1 =1)
LONGITUDE OF TARGET

SET TO O TO EXECUTE THE COAST TO

X=G*'S PHASE,

SET TO SPECIFIED G-LEVEL TO INITIATE THE
ENTRY MODE (NECESSARY CNLY IF A911 IS
SFET 10 0).

ENTRY LIFT MULTIPLIER TO BE USED FROM A
SPECIFIED G-LEVEL (IF A911 = 0) OR FROM
300K FEET (IF A911 = 1)

SET TO O IF FOOTPRINT IS DESIRED.

ULLAGE MANEUVER PHASE

SPS DEORBIT BURN PHASE

COAST TO HYBRID DEORBIT BURN TIME PHASE
COAST TO SM RCS BURN PHASE

SM RCS BURN PHASE
NOT EXECUTED

COAST BETWEEN SM ANND CM BURNS PHASE
CM RCS BURN PHASE

NOT EXECUTED

COAST TO 400K PHASE

COAST TO 300K PHASE

COAST TO X-G*S PHASE

COAST TO 23.3K PHASE

MAXIMUM LIFT FOOTPRINT PHASF
MINIMUM LIFT FOOTPRINT PHASF

IF AN ULLAGE OR A PARTIAL SPS DEQRAIT BURN IS TO BE
PERFORMED PRIOR TO THE HYBRID DENRBIT,

SET IN ADDITION

PHASF 1 - INITIAL COAST PHASE

AlG018-26 REFSMMAT STORED ROW-WISE (NOT NECESSARY
IF REFSMMAT IS CCMPUTED AT ULLAGE OR
SPS IGNITION)

A928-9 TERMINATION INDEX AND VALUE,
RESPECTIVELY, OF SPS BURN

Al148-50 TIME OF ULLAGE MANEUVER (HR, MIN, SEC)
(GeEoTe)

A305 SET TO O FOR ULLAGE

A9 6 SET TO O FOR SPS BURN

PHASF 2 - ULLAGE MANEUVER PHASE

All28

FLAG TO COMPUTE REFSMMAT AT ULLAGE

OR SPS IGNITION (SINCE ALREADY SET TO O
ON TAPE SET TO 1 CNLY IF REFSMMAT IS

TN BE COMPUTED FOR ULLAGE QR SPS
IGNITION.)
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A1027-29

A225
A1118-20
A930
Ac48B

A649

IMU ROLL, PITCHy, AND YAW GIMBAL ANGLES,
RESPECTIVELYy FOR ULLAGE OR SPS
MANEUVER (NECESSARY CNLY IF REFSMMAT
IS COMPUTED AT ULLAGE OR SPS IGNITION)
ATTITUDE OPTICN FGR ULLAGE OR SPS
MANEUVER (SET TO 4 CON TAPL,.)

ROLLy PITCHs AND YAW ATTITUDES FOR
ULLAGE QR SPS MANEUVER

GUIDANCE OPTICON FCR ULLAGE OR SPS
MANEUVER (SET TO 4 ON TAPE.)

ULLAGE TERMINATICN INDEX (SET TO

123 ON TAPE.)

ULLAGE TERMINATION VALUE (SET TO

15 ON TAPE.)

PHASE 4 = COAST TO HYBRID DEORBIT BURN TIME PHASE

IF

A912
A1018-26

Al148-50

SET T0 N IF REFSMMAT INPUT

REFSMMAT STORED ROW-WISE (NOT NECESSARY
ONLY IF PLATFORM ALIGNMENT HAS BEEN
PERFORMED AFTER ULLAGE OR SPS MANEUVER)
TIME OF SM RCS BURN (HR, MIN, SEC)
(GeELTe)

NN ULLAGE OR SPS, PUT ALL UPDATES IN FIRST PHASE.
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2.4+6 CONTINGENCY LANDING AREA (CLA) PROCESSCR WITH VENTING.-
THIS PROCESSOR WILL BE USED TO SIMULATE S-1VB VENTING
IN CRDER TO GENERATE AN IU NAVIGATION UPDATE, SEPARATION, AND A
CLA DEORBIT.




CONT INGENCY LANDING AREA PROCESSCR WITH VENTING

(FILE 10 UNIVAC 11C8)

A. STANDARD GEMMV INPUT QUANTITIES FOR NAVIGATICN UPDATE DECK
ARE L ISTEC BELOW

PHASE -1 - S—-I1VB VENTING COAST PHASE 1

A4871-3 VECTOR IDENTIFICATICN
A368 REVOLUTION NUMBER
A93-5 LIFT-0FF TIME {(HRy MIN, SEC)(G.M.T.)
A1138-40 VECTOR TIME (HR, MINy SEC) (GeM.T.)
A240-2 POSITICN COORDINATES (ER) (XeYsZ)
A248-50 VELOCITY COORDINATES (ER/HR) (XyYy2)
A280 CURRENT WEIGHT (L8B)
ADDITIONAL UPCATES

A1148-50 TIME OF FIXED TIME OR FIXED DELTA T SEP

(HRyMIN,SEC) (GeEeT.)
A293 S=-IVB REFERENCE AREA

PHASE 0 - S-1VB VENTING COAST PHASE 2
Al15¢C SET TO 1 TO SKIP THIS PHASE
PHASE 1 - COAST PHASE AFTER VENTING

INITIALIZATION

A150 SET TO 1 TO SKIP THIS PHASE
A905-11 FLAGS TO SKIP APPROPRIATE PHASES
_ FIXED TIME MANEUVER

A916 ALIGNMENT OPTION FOR MANEUVER

A917-9 BODY ROLL, PITCH, AND YAW ANGLES, RESPEC=
TIVELY, WHICH CORRESPOND TO THE ALIGNMENT
OPTION

A931 GUIDANCE OPTICN FOR MANEUVER

A920-1 TERMINATION INDEX AND VALUE, RESPECTIVELY,
OF RCS BURN

A922-3 TERMINATION INDEX AND VALUE, RESPECTIVELY,

OF SPS BURN

FIXED DELTA T MANEUVER
A916 ALIGNMENT OPTION FOR MANEUVER
A917-9 BODY ROLLy PITCHs AND YAW ANGLES,
RESPECTIVELY, WHICH CORRESPOND TO THE
AL IGNMENT OPTION
AS931 GUIDANCE OPTION FOR MANEUVER
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A920~-1

AG22-3

A1148-5)

Al018-26

A912

A913-5

A924
AG25-7

A932
A941-2

A928-9

A901

A902

. A1902

A911

A29C7

A1172

A904
A933

TERMINATION INDEX AND VALUE, RESPECTIVELY,
OF RCS BURN
TERMINATION INDEX AND VALUE, RESPECTIVELY,
NF SPS BURN

DECRBIT MANEUVER
TIME OF RCS IGNITION (HR, MIN, SEC)
(GeE.T4) IF A FIXED TIME MANEUVER HAS
BEEN PERFORMED, SET Al148-50 IN PHASE 4
INSTEAD OF PHASE 1. (NOT REQUIRED IF
FIXED DELTA T SEP IS PERFORMED)
REFSMMAT STORED ROW=WISE (NOT NECESSARY
IFf REFSMMAT IS CCMPUTED AT IGNITICN)
FLAG TO COMPUTE REFSMMAT AT DEORBIT
IGNITION (SINCE ALREADY SZT TO 1 ON TAPE
SET 7O O ONLY IF REFSMMAT IS INPUT.)
IMU ROLLy PITCH, AND YAW GIMBAL ANGLES,
RESPECTIVELY (NECESSARY IF REFSMMAT IS
COMPUTED OR IF ALIGNMENT OPTION 6 IS
SPECIFIED)
ALIGNMENT OPTION
BODY ROLLs PITCH, AND YAW, RESPECTIVELY,
WHICH CORRESPCND TO ALIGNMENT OPTION
GUIDANCE OPTION
TERMINATION INDEX AND VALUE, RESPECTIVE-
Lys OF RCS BURN
TERMINATION INDEX AND VALUE, RESPECTIVE-
LY, OF SPS DEORBIT BURN

ENTRY
LIFT VECTOR ORIENTATION (BANK ANGLE)
FLOWN TO A SPECIFIED G-LEVEL (USED ONLY
IF A911 IS SET TG 0)
LIFT VECTOR ORIENTATION (BANK ANGLE)
FLOWN FROM A SPECIFIED G-LEVEL (IF A9ll=
0) DR FROM 3COK FEEY (IF A91l1l=1)
LONGITUDE OF TARGET
SET TO O TO EXECUTE THE COAST TO X-G°*S
PHASE .
SET TO SPECIFIED G-LEVEL TO INITIATE THE
ENTRY MODE (NECESSARY CNLY IF A911 IS
SET T0 0).
ENTRY LIFT MULTIPLIER TO BE USED FROM A
SPECIFIED G-LEVEL (IF A911=0) OR FROM
300K FEET (IF A911=1)
ENTRY WEIGHT (LB)
SET TO O IF FOOTPRINT IS DESIRED.




Be

C.

PHASE

2

A280

A29

PHASE
PHASE
PHASE
PHASE

A28
A29

AQ7

PHASE
PHASE
PHASE
PHASFE
PHASF
PHASE
PHASE
PHASE
PHASE
PHASE

3

[o IV N S VS )
t

n

3

FIXED TIME RCS SEPARATICN

SEPARATION WEIGHT (IF FIXED TIME SEP
IS EXECUTED)
CSM REFERENCE AREA (IF FIXED TIME SEP
IS EXECUTED)

FIXED TIME SPS SEPARATION

COAST AFTER FIXED TIME SEPARATICN

COAST TO DEORBIT BURN

RCS SEPARATION AT FIXED TIME PRIOR TO DEORBIT

SEPARATION WEIGHT (IF FIXED DELTA T SEP
IS EXECUTED)

CSM REFERENCE AREA (IF FIXED DELTA T SEP
IS EXECUTED)

NUMBER OF SECONDS AFTER THE FIXED DELTA
T MANEUVER INITIATICN THAT PHASE 6 IS TO
TERMINATE (SET TO A LARGE NUMBER IF A
TERMINATION IS INPUT FOR PHASE 6)

7 - SPS SEPARATION AT FIXED TIME PRICR TO DEORBIT
8 - COAST FROM SEPARATION TO DEORBIT
9 - RCS ULLAGE PRICR TO DEORBIT BURN

19
11
12
13
14
15
16

SPS DEORBIT BURN

COAST TO 433K FEET

COAST TO 300K FEET

COAST TO X~G POINT

COAST TO 22.3K FEET

MAXIMUM LIFT FOOTPRINT EXECUTICN
MINIMUM LIFT FOOTPRINT EXECUTION

ADDIT IONAL GEMMY INPUT QUANTITIES FOR IU NAVIGATION UPDATE
DATA ARE LISTED BELOW'

PHASE WHERE IU NAVIGATICN UPDATE IS DESIRED'

AlS

2

Al153

A30

9

SET TO 1 TO CALL IU NAVIGATION UPDATE AT
END OF PHASE OR -1 AT BEGINNING OF PHASE
SET TO GMTL/0 -GMTIUGRR (SEC).

LAUNCH AZIMUTH

IF P-40 DELTA V*S OR P-30 DELTA V*S AND DELTA V
RESINUALS IN THE RCS CONTROL AXIS ART TO BE INPUT, SET
IN ADDITION THE FOLLOWING INDICES.

PHASE 1 =

INITIAL COAST PHASE
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4925 ROLL ANGLE AT IGNITICN (LVLH) ‘

PHASE 9 = ULLAGE PRIOR TO DEORBIT BURN

A996-8 RESIDUAL DELTA Vvx, DELTA VY, DELTA VZ
INPUT, RESPECTIVELY
A999-1001 p~40 DELTA VX, -DELTA VY, DELTA VZ INPUT,
' RESPECTIVELY
A987-9 p-30 DELTA VX, DELTA VY, DELTA VZ INPUT, '
RESPECTIVELY

De IF IT IS DESIRED TO ITERATE ON DELTA V WHILE HOLDING TIME
OF IGNITION FIXED, SET IN ADDITICN THE FCLLOWING INDICES. -

PHASF 1 = INITIAL COAST PHASE

A1901 SET TO 0 TO CALL SPECIAL ITERATION IN
PIT MODE.

AL4T SET TO 6 TO START ITERATIVE LOOP AT
BREGINNING OF SPS DEORBIT PHASE.

A148-9 TARGET INDEX AND VALUF, RESPECTIVELY,

FOR PIT MODE

E. IF IT IS DESIRED TO COMPUTE A REFSMMAT AT SOME TIME
OTHER THAN DEORBIT IGNITION, SET IN ADDITION THE
FOLLOWING INDEX.

PHASE - WHERE REFSMMAT IS DESIRED

Al1128 SET TO 1 TO COMPUTE REFSMMAT AT
BEGINNING OF THE PHASE.







2.4.,7 FDO ORBIT DIGITALS PROCESSOR, =THIS PROCESSOR .
WILL BE USED TO DISPLAY, FOR ANY THRESHOLD TIME, THE ORBITAL
PARAMETERS CORRESPONDING TO THE THRESHOLD TIME AS WELL AS

THE ASSNCIATED APOGEE AND PERIGEE PARAMETERS. THE ouTPUT

WILL RE IN THE FORMAT OF THE RTCC FDO ORBIT DIGITALS DISPLAY.

M [2] 1 [«
COAST TO APOGEE | COAST TO APOGEE CALL FDO ORBIT
OR PERIGEE OR PERIGEE DIGITALS

COAST




FDO ORBIT DIGITALS PROCESSOR

(SPECTIAL FDO ORBIT DIGITALS DECK FILE 4 UNIVAC 1108)

STANCARD GEMMV INPUT QUANTITIES FOR THIS PROCESSOR ARE
LISTED BELOW

PHASE 1 - INITIAL COAST PHASE

INITTALIZATION
A48171-3 VECTOR IDENTIFICATICN
A368 REVOLUTICN NUMBER
A93-5 LIFT-0FF TIME (HR, MIN, SEC) (GeMeT.)
Al1138~-40 VECTOR TIME (HRy MIN, SEC) (GeM.T.)
A240-2 POSITICN COORDINATES (ER) (X4YsZy)
A248-50 VELOCITY COORDINATES (ER/HR) (X,Y,2)
A280 CURRENT WEIGHT (LB)

ADDITIONAL UPDATES
A150%* SET TC 1 ONLY IF THE ORBIT DIGITALS

ARE TO BE BASED CN THE PRESENT VECTOR.

A648-9 SET TO THE PROPER TERMINATION INDEX

AND VALUE, RESPECTIVELY, IF THE ORBIT
DIGITALS ARE NOT TO BE BASED ON THE
INPUT VECTOR.,

PHASF 2 = COAST TO APOGEE OR PERIGEE

ABh% SET TO 1 7O SAVE VECTCR AT BEGINNING OF
PHASE FOR FDO ORBIT DIGITALS SUMMARY
SHEET.

A648~9% TERMINATION INDEX AND VALUE,

RESPECTIVELY (NCRMALLY THE INDEX WILL BE
315. FLIGHT-PATH ANGLE AND THE VALUE
WILL BE 0.)
" PHASE 3 - COAST TO APOGEE OR PERIGEE
PHASE 4 - SHORT DURATION COAST
A64B=Gx TERMINATION INDEX AND VALUE,
RESPECTIVELY (NORMALLY THE INDEX WILL BE
123 PHASE TIME AND THE VALUE WILL BE 10.)
Al4 2% SET TO 1 TO CALL FDO ORBIT DIGITALS
SUMMARY SHEET.
PHASE 5 ~ RUN TERMINATION
Al39% SET TO 1 TO TERMINATE RUN.
*THESE A-ARRAYS HAVE ALREADY BEEN SET TO THE CORRECT VALUE
IN THE SPECIAL FDO ORBIT DIGITALS ON-LINE DECK.
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2.4.8 RELATIVE MOTION PROCESSOR., - THIS PROCESSOR WILL BE
USED TO COMPUTE THE RELATIVE MOTION OF TWO VEHICLES AND QUTPUT

THE MOTION DIGITALS DISPLAY.
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RELATIVE MOTICN PROCESSCR

(FILE 4 UNIVAC 1108)

STANDARD GEMMV INPUT QUANTITIES FOR THE RELATIVE MOTION
PROCESSOR ARE LISTED BELOW®

PHASE 1 - INITIAL COAST PHASE

A4B71-3
A368
A93-5
A1138-40
A240~-2
A248-50
A280
A293

Al018-26

Al1368
A2138-40
Al240-2
Al1248-50
A1280
Al1253

Ag9s

A117
All4
Alll

A120

A42C4

REFERENCE VEHICLE INITIALIZATION
VECTOR IDENTIFICATICN
REVOLUTION NUMBER
LIFT=-0FF TIME (HR, MINy SEC) (GeM.T.)
VECTOR TIME (HR, MIN, SEC) (GeM,T.)
POSITION COORDINATES (ER) (X, Y, Z)
VELOCITY COORDINATES (ER/HR) (X, Y, Z)
CURRENT WEIGHT (LB)
CROSS SECTIONAL AREA OF THE REFERENCE
VEHICLE
REFSMMAT STORED ROW=-WISE

RELATIVE VEHICLE INITIALIZATICN
REVOLUTICN NUMBER
VECTOR TIME (HR, MIN, SEC) (G.M.T,)
POSITION COORDINATES (ER) (X, Y, Z)
VELOCITY COORDINATES (ER/HR) (Xy Yy Z)
CURRENT WEIGHT (LR)
CROSS SECTIONAL AREA OF THE RELATIVE
VEHICLE

ADDITIONAL UPDATES
SET TO 1 IF THE RELATIVE VEHICLE VECTOR
TIME IS PRIOR TO THE TIME RELATIVE MO-
TION DATA IS DESIRED.
SET TO 2 (HIGHEST VEHICLE CAPABILITY
BEING USED).
SET 7O 2 (FLAG TO CALL THE WRITE 2 -
RELATIVE MOTION SUBROUTINE).
SET TO 0 TO SPECIFY CONSTANT INTEGRATION
STEP SIZE.
SET TO DESIRED INTEGRATICN STEP SIZE IN
SECONDS (NORMALLY SET TO 1 IN THRUSTING
PHASES AND 20 IN COASTING PHASES).
SET TO N.(OUTPUT WILL BE EVERY N INTEGRA-
TION STEPS THIS VARIABLE SHOULD BE AD-
JUSTED WITH A120 TO ACHIEVE SOME SPEC-
IFIED CONSTANT OUTPUT INTERVAL THROUGH-
OUT THE EXECUTICN CF THE PROCESSOR.)
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PHASF WHERE RELATIVE MOTION QUTPUT IS NOT DESIRED®

A42C4 SET TO C.(THIS MAY BE RESET TO N IN ANY
PHASE WHERE RELATIVE MOTION OUTPUT IS
AGAIN DESIRED.)
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2.4.9 GROUND TRACK, CMC OR IU NAVIGATICN UPDATE, AND PAD DATA
CAPABILITIES.~ IF IT IS DESIRED TO PRODUCE A GRCUND TRACK, A
NAVIGATION UPDATEs, OR PAQ DATA WITH ANY OF THE GEMMY PROCESSORS
PREVIOUSLY DESCRIBEDs THE FOLLOWING ADDITICNAL CN=LINE INPUTS
WILL BE REQUIRED.

A. ADDITIONAL GEMMV INPUT QUANTITIES FOR GROUND TRACK DATA
ARE LISTED BELOW!®

PHASES WHERE GROUND TRACK IS TO BEGIN®

All4 SET TO 5 TO CALL WRITE 5 (GROUND TRACK
SUBROUTINE). -

Alll SET TC O TO SPECIFY CONSTANT INTEGRATION.

A120 SET TO DESIRED INTEGRATICN STEP SIZE IN

SECONDS. (NORMALLY SET TO 20 SECONDS IN
COASTING PHASES AND TO 1 IN THRUSTING
PHASES.)

A4213 SET TC N.(OUTPUT WILL BE EVERY N INTEGRA-
TION STEPS THIS VARIABLE WILL BE ADJUSTED
WITH A120 TO ACHIEVE SOME SPECIFIED CON-
STANT OQUTPUT FREQUENCY THROUGHOUT PRO-
CESSOR EXECUTION.)

A4201 SET TO O TO SUPPRESS WRITE 1 OUTPUT.

PHASES WFERE GROUND TRACK IS NOT DESIRED?

A4213 SET TO 0.(THIS MAY BE RESET TO N IN ANY
PHASE WHERE GROUND TRACK IS AGAIN DE-
SIRED.)

A4201 SET TO 100000 TO ACTIVATE WRITE 1.

R. ACDIT IONAL GEMMV INPUT QUANTITY FCR CMC NAVIGATION UPDATE
DATA IS LISTED BELOW®

PHASF WHERE CMC NAVIGATION UPDATE IS DESIRED®

A4210 SET TO 1 TO CALL NAVIGATION UPDATE AT END
OF A PHASE,

C. ADDITIONAL GEMMV INPUT QUANTITIES FOR IU NAVIGATION UPDATE
DATA ARE LISTED BELOW'

PHASF WHERE IU NAVIGATION UPDATE IS DESIRED!

A152 SET TO 1 TO CALL IuU NAVIGATICN UPDATE AT
END OF PHASE OR -1 AT BEGINNING OF PHASE

A1%53 SET TO GMTL/0 -~GMTIUGRR (SEC).

A309 LAUNCH AZIMUTH
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D. ACDITIONAL GEMMV INPUT QUANTITIES FOR PAO DATA ARE LISTED
BELOW® PHASE WHERE PAC DATA IS DESIRED

Al154 SET TO 1 TO CALL PAO SUMMARY SHEET AT END
NF PHASE.,
Al58 PAD HEADER (STARTING IN COLUMN 8, SET TO

RCD AND SET COLUMN 12 TGO AN 8)

BOTH VEHICLES MUST HAVE SAME STOPS IN FIRST PHASE






3. OPFRATING INSTRUCTINNS FOR THE GEMMV POST PROCESSORS

. 3.1 CENERAL

A GEMMV POST PROCESSOR IS A PROGRAM THAT IS AUTOMATICALLY EXE-
CUTED AFTER THE GEMMV TRAJECTORY PROGRAM HAS GENERATED AND
STORED THE NECESSARY INPUT DATA ON A TAPE. THERE ARE PRESENTLY
FIVE POST PROCESSORS THE GUIDANCE OPTICAL SIGHTING TABLE (GOoST),
RADIATICN, APOLLO REENTRY SIMULATION (ARS), EXTERNAL DELTA V AND
N STAR SIGHTING TABLE (SST),

3.2 THE GEMMV PQOST PROCESSORS
THIS SECTION PRESENTS A BRIEF DESCRIPTICN OF THE GEMMV POST

PROCESSORS ALONG WITH A LISTING OF THE CONTROL CARDS AND THE
CN-LINE INPUT REQUIRED TO OPERATE EACH PROCESSCR.



3.2.1 GOST PROCESSOR. - THIS PROCESSOR WILL PRIMARILY BE USED
TO VERIFY THE CM IMU STABLE MEMBER ALIGNMENT MADE BY USING THE
CNROARD OPTICAL SIGHTING FQUIPMENT CCNSISTING OF A SCANNING
TELESCOPE, A SEXTANT, AND A BORESIGHT. B8Y LSING A CATALOG OF
STAR AND EARTH FIXED LANDMARK LOCATICNS, THIS PFICESSOR WILL
CALCULATE IMU GIMBAL ANGLESe. REFSMMATS, AND THE SHAFT AND
TRUNNION ANGLES OF THE OPTICAL EQUIPMENT, THE PROCE SSOR HAS
SEVERAL OPTI{OINS WHICH MAY BE USED TO DETERMINE THE POSITION OF
STARS ON THE INSTRUMENT RETICLES, TO DETERMINE THE NECESSARY
SPACECRAFT ATTITUDE FOR VIEWING A GROUND TARGET, TO DETERMINE
REFSMMAT, AND TO DETERMINE IMU GIMBAL ANGLES.

ALTHOUGH THE GOST PROCESSOR CAN BE RULN WITH ANY GEMMV PROCES~-
SOR, A SPECIAL DECK HAS REEN SET UP USING FILE 4 OF THE MISSION
CATA TAPE.

THE UNIVAC 1108 CATA PROCESSING SYSTEM CCNTRCL CARDS ARE
LISTED RELOW'

COLUMN 1 4 8

* MSG CCMMENTS
ASG A = XXXX GEMMY PROGRAM (PCF) TAPE
NUMBER
ASG B = XXXX MISSICN TABLE TAPE NUMBER
ASG F = XXXX MISSICN CATA TAPE NUMBER
ASG GeNyV SCRATCH UNITS ON FASTRAND
XQT CUR EXECUTE THE FOLLOWING
INSTRUCTICNS
TRW A¢ByFyeGyNyV REWIND UNITS AsByFeGeNeV
IN A INPUT THE ENTIRE USER PCF
FROM UNTT A
o SOURCE LANGUAGE CORREC
TIONS
{PATCHES)
N XQT GEMMV EXECUTE GEMMV PROGRAM
o GEMMY UPDATES
FILE LAST GEMMV DATA CARD
XQT CUR EXECUTE THE FOLLOWING
INSTRUCTICNS
ERS ERASE LAST PROGRAM FROM
MEMQORY
IN A INPUT THE ENTIRE USER PCF
FROM UNIT A
XQT CGOST EXECUTE GOCST PROGRAM
. GOST DATA CARDS
FILE LAST GOST DATA CARD
FOF END QF FILE

*INDICATES 7/8 OVERPUNCH IN COLUMN 1
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G3ST PROCESSOR
(SPECIAL GOST DECK FILE 4 UNIVAC 1108)
A. THE INPUT QUANTITIES FOR THE GEMMV PART CF THE PROCESSOR ARF
THE SAME FOR ALL GOST OPTIONS (WITH Tw0 EXCEPTIINS WHICH ARE
INDICATED). THE STANDARD INPUT QUANTITIES ARE LISTED BELOW!

PHASE 1 - COAST

A4871-3 VECTOR IDENTIFICATICN

A368 REVOLUTION NUMBER

A93-5 LIFT-CFF TIME (HRy, MIN, SEC){(GeMeT.)

Al1138-40 VECTOR TIME (HR, MIN, SEC)(GeM.T.)

A24C=-2 POSITICN COORDINATES (ER)(Xy Y, Z)

A248-5C VELOCITY COORDINATES (ER/HR) (X, Y, Z)

A280 CURRENT WEIGHT (LAR)

Al1148-59 TIME OF GOST CCMPUTATION (HR, MIN, SEC)
(GeEWTs)

A1227-5G IMU ROLL, PITCH, YAW GIMBAL ANGLES,

RESPECTIVELY (NOT NECESSARY FOR GOST
JPTION 4 OR 14 AND 5 QR 15)

A1018-26 REFSMMAT STORED ROW~WISE (NOT NECESSARY
FOR GOST OPTICN 1 OR 11)

A22 5% SET TO 6 TO OBTAIN CCRRECT ATTITUTDE
OPTION.

A79% SET TO 2 TO WRITE 2CQ WORD-RECQORD.

ABRO* SET TO 2 TO CALL IN GOST PROGRAM FROM PCF
TAPE,.

*THESE A-ARRAYS HAVE ALREADY BEEN SET TQ THE CORRECT VALUE IN
THE SPECIAL GOST ON-LINE DECK,

B. THE OPTIONS OF THE GOST PART OF THE PROCESSCR AS WELL AS THE
CARD FORMATS ARE LISTED BELOW, OPTION 1 OR 11 REQUIRES TwO
INPUT CARDS WHILE OPTION 5 OR 15 REQUIRES FOUR INPUT CARDS.
THE REMAINING OPTIONS EACH REQUIRE CNLY CNE CARD. ALL DATA
PUNCHED IN COLUMNS 10 THROUGH 70 MUST HAVE DECIMAL POINTS.
THE GOST INPUT CARDS ARE PLACED IN THE SPECIAL GOST CN=LINE
CECK JUST AFTER THE 'XQT DGOST' CARD.
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OPTION 1 OR

INPUT?

COMPYTE?
OPTICN 2 OR
INPUT?

COMPUTE®

OPTION 3 OR
INPUT!
COMPUTE?

OPTION 4 GOR

INPUT?
COMPUTE"

OPTION 5 OR
INPUT!

COMPUTE"

11

12

13

14

15

THE IDENTIFICATICN OF TWC STARS AND THE
SEXTANT SHAFT AND TRUNNICN ANGLES FOR
EACH STAR

REFSMMAT

NO INPUTS ARE NEEDED FCR CPTICON 2 OR 12.

THE LOCATION OF TWO STARS WHICH ARE IN
THE SCANNING TELESCOPE FISLD OF VIEW AT
A SPECIFIED SPACECRAFT ATTITUDE AND IMU
ALIGNMENT, THE TWO STARS MUST SATISFY
THE CONDITION THAT CNE STAR LIES ON THE
R-LINE AND THE OTHER STAR LIES AS CLOSE
AS PCSSIBLE TO THE M-LINE OF THE
TELESCCOPE RECTICLE PATTERN,

THE IDENTIFICATICN OF TwQ STARS
THE SEXTANT SHAFT AND TRUNNION ANGLES
FOR EACH OF THE INPUT STARS

THE SPACECRAFT LVLH ROLL AND YAW ANGLES
PLUS THE SPACECRAFT PITCH ANGLE TO THE
HORIZON

GIMBAL ANGLES ANND LVLH PITCH ANGLE

THIS OPTION IS THE SAME AS OPTICN 1 OR

11 EXCEPT THE IMU GIMBAL ANGLES ARE INPUT

IN THE GOST RATHER THAN THE GEMMV
PROGRAM
REFSMMAT




INPUT FORMATY

OPTION

NUMBER 1 -

1 CR 11

2 OR 12

3 OR 13

11

11
12
13
14
15

15

15

15

2

10
STAR

STAR

STAR
LVLH
STAR

STAR

ROLL

ROLL

- 25
NO. 1

NO. 2

NO. 1
ROLL
NO. 1

NO. 2

GA NO,.

GA NO.

CCLUMNS
3C - 45 50 - 65
SHAFT NC, 1 TRUNNIGN NO .1
SHAFT NC. 2 TRUNNIGON NO. 2
* *
STAR NO. 2
* % LVLH YAW

SHAFT NC. 1 TRUNNION NO. 1
SHAFT NC. 2 TRUNNIGON NO. 2

1 PITCH GA NO. 1 YAW GA NO. 1

2 PITCH GA NO. 2 YAW GA NG, 2

*NORMALLY THESE COLUMNS SHOULD BE BLANK. IF NCN=-3LANK, CCLUMNS
10-25 SHOULD CONTAIN THE ROLL GIMBAL ANGLE y COLUMNS 30-45 SHOULD
CONTAIN THE PITCH GIMBAL ANGLE, AND COLUMNS 50-65 SHOULD CONTAIN

THE YAW GIMBAL ANGLE,

MUST BE PUNCHED

00001,

**NORMALLY A BLANK OR O.
A 31,7-DEGREE PITCH BETWEEN THE X-BODY AXIS AND LINE OF SIGHT

TC THE HORIZON,

OTHERWISE

DEG) SHCULD BE INPUT.

EITHER

3-5

IF ANY OF THESE ANGLES ARE ZERO, THEY

IS RECCGNIZED BY THE PROGRAM AS

+ THE PITCH ANGLE (IF OTHER THAN 31.7



3,2.2 RADIATION PROCESSOR. = THIS PROCESSOR wILL BE USED TO
DETERMINE GEOMAGNETIC PARAMETERS AND THE RACIATICN DOSE RATES

IN THE COMMAND MODULE AT GIVEN INTERVALS ALCNG A TRAJECTORY.

IT WILL ALSO BE USED TGO CALCULATE REM DOSE IN THE COMMAND MODULE
OVER A PARTICULAR PORTION OF THE APOLLO 9 MISSICN.

THE® UNIVAC 1108 DATA PROCESSING SYSTEM CCNTRCL CARDS ARE

{ ISTEC BELOW ‘
COLUMN 1 4 8

*  MSG CCMMENTS
ASG A=XXXX GEMMV PROGRAM (PCF) TAPE
NUMRER -
ASG B=XXXX MISSICN TABLE TAPE NUMBER
ASG F=XXXX MISSICN CATA TAPE NUMBER
ASG GeHyN,V SCRATCH UNITS ON FASTRAN .
XO0T CUR EXECUTE THE FOLLOWING
INSTRUCTICNS
TRW AyBoGyNgVyF,H REWIND AsBsGeNsVsFy AND
H UNITS.
IN A INPUT THE ENTIRE USER PCF

FRCM UNTIT A

SOURCE LANGUAGE CORRECTIONS

e o o o o

N XQT GEMMYV START EXFCUTION OF THE .
GEMMV PROGRAM,
. GEMMV DATA CARDS
FILE LAST GEMMV DATA CARD
XQT CUR EXECUTE THE FOLLOWING
INSTRUCTICNS
ERS ERASE LAST PROGRAM FROM
MEMORY. -
IN A INPUT THE ENTIRE USER PCF
FROM UNIT A
N XQT DECK1 START EXECUTION OF RADIA- -
TICN PROCESSOR.
FILE LAST RADIATION DATA CARD
FOF END OF FILE CARD

*INDICATES 7/8 OVERPUNCH IN COLUMN 1
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RACIATIGN PROCESSOR
(ALL GEMMV FILES UNIVAC 11C8)
ADDITIONAL GEMMV INPUT QUANTITIES FOR THE RADIATION
PROCESSOR ARE LISTED BELOW

PHASE WHERE FIRST RADIATION OUTPUT IS DESIRED?

Allé4 SET 70O 3 TO CALL WRITE 3 (RADIATION
EPHEMERIS) SUBROUTINE.

AB89 SET TO 3 TO CALL RADIATICN PROCESSOR
FRCM PCF TAPE.

Alll SET TO 0 TO SPECIFY CONSTANT INTEGRATION
INTERVAL.,

Al20 SET TO DESIRED INTEGRATICN STEP SIZE
(SEC).

A42CT SET TO N (QUTPUT WILL BE EVERY N

INTEGRATION STEPS).
PHASE WHERE LAST RADIATION OUTPUT IS DESIRED

A42C7 SET TO Q.
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2,2.3 ARS PROCESSOR., = THE APOLLO REENTRY SIMULATION
PROCESSOR WILL BE USED TO ACCEPT A STATE VECTOR AT 425,700 FEET
AND COMPUTE THE NECESSARY GUIDED ENTRY PROFILE T3 HIT A TARGET
LATITUDZ AND LONGITUDE. THE STATE VECTOR IS GENZRATED BY ONE
OF THE GEMMV DEORBIT PROCESSORS AND IS WRITTEN INTO A 200-WORD
RECORD WHICH INTERFACES WITH THE ARS PRCCESSOR. OPTIONS EXIST
WITHIN THE PROCESSOR TO USE CNE OF SIX .DIFFERENT ENTRY MODES
WHICH ARE DESCRIBED BELOW.

MODE 1 = AUTOMATIC GUIDANCE AND NAVIGATICN CONTROL

IN THIS STEERING MODE, THE ARS PRCCESSOR USES THE CMC ENTRY
LOGIC TO COMPUTE THE ENTRY STEERING COMMANDS AND TO SIMULATE THE -
ENTRY TRAJECTORY REQUIRED TO ACHIEVE THE TARGET LANDING POINT.

MODE 2 - NPEN LOOP FOLLOWED BY GUIDANCE AND NAVIGATION CCNTROL

IN THIS ENTRY MODE, AN INITIAL BANK ANGLE IS MAINTAINED
FRCM 400,000 FEET TO A SPECIFIED G-LEVEL, AT WHICH TIME THE CM
IS ROLLED T0O A SECOND BANK ANGLEs ODESIGNATEC AS THE BACKUP BANK
ANGLE. THIS ATTITUDE IS MAINTAINED UNTIL THE SECCND G-LEVEL IS
REACHED. FROM THIS TIME UNTIL DROGUE CHUTE DEFLOYMENT, THE ARS
PROCESSOR USES THE GUIDANCE AND NAVIGATICN CONTROL LOGIC TO
CCMPUTE THE STEERING COMMANDS NECESSARY TO ACHIEVE THE TARGET
LANDING POINT. THIS STEERING MODE REQUIRES THE INPUT OF AN
INITIAL AND BACKUP BANK ANGLE AND TWO G-LEVELS.

MOCDE 3 - BANK/REVERSE-BANK

IN THIS ENTRY MODE, WHICH IS USED TC CCMPUTE BACKUP GUIDANCE
QUANTITIES, AN INITIAL BANK ANGLE IS MAINTAINED FROM 400,000
FEET TO A SPECIFIED G-LEVEL. IT IS THEN FOLLOWED BY A BACKUP
BANK ANGLE TO A COMPUTED TIME TO REVERSE BANK, AND THE REVERSE
BANK ANGLE IS FLOWN TO DROGUE CHUTE DEPLOYMENT. IN THIS STEER-
ING MODE, THE INITIAL BANK ANGLE AND G-LEVEL ARE INPUT, AND THE
RACKUP BANK ANGLE AND TIME TO REVERSE BANK ARE COMPUTED BY THE
ARS PROCESSOR.

MODE & - COMBINED BANK/REVERSE-BANK AND GUIDANCE AND NAVIGATION -
CCNTROL

THIS ENTRY MODE 1S THE SAME AS THAT DESCRIBED IS THE SECOND -
STEERING MODE WITH THE EXCEPTION THAT THE PRNCESSOR COMPUTES
THE BACKUP BANK ANGLE, THE INPUTS CONSIST OF THE INITIAL BANK
ANGLE AND THE TWO G-LEVELS.

MCNE 5 - ROLLING

IN THIS ENTRY, AN INITIAL BANK ANGLE IS MAINTAINED FROM
400+,0C0 FEET TO A SPECIFIED G-LEVEL FOLLOWED BY A CONSTANT
ROLL RATE TO DROGUE CHUTE DEPLOYMENTC THIS MCDE REQUIRES THE
INPUT OF THF INITIAL BANK ANGLE, G-LEVEL, AND RCLL RATE.
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MODE 6 -~ OPEN LOOGP

THIS ENTRY CAN EITHER BE A BANK/REVERSE-BANK AS DESCRIBED IN
THE THIRD STEERING MODE OR A CONSTANT BANK=~ANGLE ENTRY FROM 400,
000 FEET TO DROGUE CHUTE DEPLOYMENT. THE BANK/REVERSE-BANK 0OP-
TIOCN OF THIS STEERING MODE REQUIRES THE INPUT CF THE INITIAL
AND BACKUP BANK ANGLES, THE G-LEVEL, AND THE TIME TO REVERSE
BANK. A CONSTANT BANK ANGLE ENTRY CAN BE SPECIFIED BY INPUTTING
THE VALUE OF THE BANK ANGLE TQ BE USED AS THE INITIAL BANK AN-
GLE AND INPUTTING THE G~LEVEL AND TIME TO REVERSE BANK AS LARGE
VALUES.
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THE UNTVAC 1108 DATA PROCESSING

EC RELOW?®

COLUMM 1 ¢4
MSG
ASG

ASG
ASG
ASG
XQT

N XQT

FILE
x0T

N XQT

IDFILE
ENDC AS
EQF

*INCICATES 7/8 OVERPUNCH IN COLUMN 1

8
A=XXXX

B=XXXX
F=XXXX
GeNs VK
CUR

TRW AsBesGoeNyV,yF K

IN A

CUR

ERS

IN A

COLSUS/XXX

SYSTEM CONTROL CARDS ARE LIST-

CCMMENTS

GEMMV PRCGRAM (PCF) TAPE
NUMBER

MISSICN TABLE TAPE NUMBER
MISSICN CATA TAPE NUMBER
SCRATCH UNITS ON FASTRAND
EXECUTE THE FOLLOWING
INSTRUCTICNS

REWIND A4ByGeNyVy AND F

K UNITS

INPUT THE ENTIRE USER PCF
FROM UNIT A

SOURCE LANGUAGE CORRECT-
ICNS
(PATCHES)

START EXECUTION OF THE
GEMMY PROGRAM,

GEMMV DATA CARDS

LAST GEMMV DATA CARD
EXECUTE THE FOLLOWING
INSTRUCTICNS

ERASE LAST PROGRAM FROM
MEMORY,

INPUT THE ENTIRE USER PCF
FROM UNIT A ’
EXECUTE ARS PROGRAM (SCS
FCR BACKUP MODES AND DAP
FOR G AND N ENTRIES

LAST ARS INPUT CARD
END OF FILE CARD




(FILES 1,

ARS PROCESSOR

2, AND 8 UNIVAC 11C8)

ADDITIONAL GEMMV INPUT QUANTITIES FCR THE ARS PROCESSOR

ARE LISTED BELOW®

PHASE 1

A83
A2918

A2914

A2915

Al1929

SET TO 1 TO CALL ARS PRCCESSOR.

SET TO 1 FOR AUTCMATIC GUIDANCE AND
NAVIGATION ENTRY MODE.

SET TO 2 FOR OPEN LOGP GUIDANCE AND
NAVIGATION ENTRY MODE,

SET TO 3 FOR BANK/REVERSE=BANK ENTRY
MODE.

SET TO 4 FOR CCMBINED BLANK/REVERSE=-
BRANK AND GUIDANCE AND NAVIGATION ENTRY
MODE,

SET TO 5 FOR ROLLING ENTRY MODE.,

SET TO 6 FOR OPEN LOCP CCNSTANT BANK AN-
GLE OR BANK REVERSE ENTRY MODE.
G-LEVEL TO INITIATE BACKUP GUIDANCE MODE
(SET WHEN A2918 EQUALS A 2 OR 4.)

TIME 10O REVERSE BANK IN TOTAL SECONDS
{GeELTe)

(SET WHEN A2918 EQUALS 6.)

DIRECTION TO BEGIN BANK

=0 SOUTH THEN NORTH

=1 NORTH THEN SOUTH

COAST TO 490K PHASE

A79

AK49

SET TO 2 TO WRITE 2CC-WCRD RECORD AT END
OF PHASE.

SET TO 425.0CC. (TERMINATE CN AN ALTITUDE
OF 425,000 FT)



2.2.4 EXTERNAL DELTA V AND REFSMMAT UPCATE PRNCESSOR. =
THIS PROCESSOR WILL BE USED TO CONVERT THE REFSMMAT AND EXTERN-
Al DELTA V QUANTITIES CALCULATED BY THE GEMMV PROGRAM TO THE

CMC UPLINK FDRMAT,

THE UNIVAC 11C8 DATA PROCESSING SYSTEM CCNTROL CARDS ARE LIST=-

EC BELOW?
COLUMN 1 4 8
MSG

ASG A = XXXX
ASG B = XXXX
ASG F = XXXX
ASG GeN,V
XQT CUR

TRW AeBsFosGeNsV

IN A

N XQT GEMMV

FILE
XQT CUR

ERS
IN A
N XOQT DSKYup

FILE
EOF

*INDICATES 7/8 OVERPUNCH IN COLUMN 1

CCMMENTS

GEMMV PROGRAM (PCF) TAPE
NUMBER

MISSICN TABLE TAPE NUMBER
MISSICN DATA TAPE NUMBER
SCRATCH UNITS ON FAST-
RAND.

EXECUTE THE FOLLOWING
INSTRUCTICNS

REWIND UNITS AyByFeGoNy
AND" V.

INPUT THE ENTIRE USER PCF
FROM UNIT A

SCURCE LANGUAGE CORRECT-
ICNS
{PATCHES)

EXECUTE GEMMV PROGRAM,

GEMMV UPDATES

LAST GEMMV DATA CARD
EXECUTE THE FOLLOWING
INSTRUCTICNS :
ERASE LAST PROGRAM FROM
MEMORY.

INPUT THE ENTIRE USER PCF
FROM UNIT A

EXECUTE DSKYUP PROGRAM.
LAST DSKYUP DATA CARD

END OF FILE CARD




EXTERNAL DELTA vV AND REFSMMAT UPDATE PROCESSOR

(ALL GEMMV FILES UNIVAC 11C8)
ADDITIONAL GEMMV INPUT QUANTITIES FOR THE EXTERNAL DELTA V
AND REFSMMAT UPDATE PROCESSOR®

PHASE WHERE EXTERNAL DELTA vV OR REFSMMAT UPDATE QJQUTPUT IS
DESIRED!?

A80 SET TO 6 TO CALL THE EXTERNAL DELTA V
AND REFSMMAT UPDATE PROCESSOR,.
AT9 SET TO 2 TO WRITE THE 200 WORD-RECORD

FOR DEORBIT,
SET TO 5 TO WRITE THE 20C WORD-RECORD

FOR ORBIT.
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4. OPERATING INSTRUCTIONS FOR THE WORK SCHEDULE PRDCESSOR

4,1 GENERAL

THIS SECTION PRESENTS THE ON=LINE INPUTS REQUIRED FOR
EXECUTINN OF THE WORK SCHEDULE PROCZSSORy A BRIEF DESCRIPTION OF
THE PROCESSOR, THE TAPL SETUP, AND THE CCNTROL CARDS USED IN
CCNJUNCTION WITH THE PROCESSOR,

4.2 PROGRAM DESCRIPTION

THE WORK SCHEDULE PROCESSOR IS DIVIDED INTC THREE SEPARATE
MODULESe. MODULE I (ANY GEMMV PROCESSOR) IS USED TO GENERATE
AN FPHEMERIS TAPE WHICH BECOMES THE INPUT TO THE NEXT MODULE.
THE EPHEMERIS TAPE CONTAINS ALL THE PERTINENT ORBIT AND MANEUVER
CATA OVER A SPECIFIED TIME INTERVAL. MODULE Il ACCEPTS THE
SPHEMERIS TAPE AND GENERATES THAT EPHEMERIS AND TRACKING CATA
REQUESTFED AND OUTPUTS THEM ON THE APPROPRIATE SUMMARY SHEETS.
THE DATA WHICH CAN BE ORTAINED FROM MODULF II INCLUDES THE
FOLLOWING®' SPACECRAFT DAYLIGHT-DARKNESS, SPACECRAFT MOON
SIGHT INGs COMPUTED EVENTS, LANDMARK SIGHTING, SPACECRAFT STAR
SIGHT ING, CLOSEST APPROACH, AND POINTING DATA. THESE DATA ARE
ALSO SAVED ON AN INTERFACE TAPE WHICH SERVES AS THE INPUT TO
MCDULE IIl. THE PROCESSOR MAY BE TERMINATED AT THIS POINT IF
CNLY THE EPHEMERIS AND TRACKING DATA ARE DESIRED. THE PROCESSOR
OUTPUT THEN CONSISTS OF THE EPHEMERIS AND TRACKING DATA
SUMMARY SHEETS,

THE EXECUTION OF MODULE III IS PERFORMFD WHEN THE WORK
SCHEDULF IS DESIRED. IT SORTS THE INFORMATICN CCNTAINED ON
THE INTERFACE TAPE AND INPUT EVENT CARDS AND GENERATES A PLOT
TAPE WHICH IS DELIVERED TO THE DD8J WHERE A FILM OF THE WORK
SCHEDULE IS PRODUCED, HARD COPIES OF THE FILM ARE MADE AFTER
FILM IS RFTURNED TU BUILDING 45.



4,3 TAPE SETUP FOR THE UNIVAC 1108 DATA PRCCESSING SYSTEM

TAPE UNIT

O -4V~ NI P

e

TAPE DESCRIFTION

GEMMY PROGRAM (PCF) TAPE
MISSION TABLE TAPE
MISSICN DATA TAPE
EPHEMERIS TAPE (SYSTEM)
PLOT PACKAGE (SYSTEM)
SORT PACKAGE (SYSTEM)
EPHEMERIS TAPE GENERATED
BY MODULE I

DATA TAPE GENERATED

BY MODULE II

SORTED TAPE FOR USE

BY MODULE ITI!

SCRATCH TAPE

SCRATCH TAPE

SCRATCH TAPE




4bebel MODULE
CCLUMN 1 & 8

| MSG
| ‘ ASG A
ASG B
ASG F
. ASG I
ASG S

ASG T
ASG Q

ASG R

\ ASG J

1

ASG GeNyy
X0T CUR

®

IN

A

XXX X
XXXX
XXX X
$EPHEM

$PLOTS
$ SORT

SAVE

K

AvBoFeGaJdeNyQsRy I,

SeTHK

N  XQT GEMMV

- FILE
4e4.2 MODULE

CCLUMN 1 & 8

Il

XQT CUR

@

IN

A

XO0T MAIN

FILE 5

4.4 CONTROL CARC LISTING FOR THE UNIVAC 1178 DATA
PROCESSING SYSTEM

CCMMENTS

GEMMY PROGRAM PCF

TAPE NUMBER

MISSICN TABLE TAPE NUMBER
MISSICN CATA TAPE NUMBER
SUNy MOCN, AND STAR
EPHEMERIDES

PLOT PACKAGE (SYSTEM)
SORT PACKAGE (SYSTEM)
EPHEMERTS TAPE GENERATE
BY MODULE 1

CATA TAPE GENERATED

By MODULE I1

SCRTED TAPE FOR USE BY

BY MODULE I1I1

(SAVE FCR PLOTS)

SCRATCH UNITS ON FASTRAND
EXECUTE THE FOLLOWING
INSTRUCTICNS

REWIND UNITS AyByFyeGoeJdyNy
QsRs1+S,Ty AND K

INPUT THE ENTIRE USER

PCF FROM UNIT A

EXECUTE THE GEMMY PROGRAM

MCODULE I CATA CARD
(ANY STANCARD GEMMV
CN=LINE DECK)

END OF INPUT FOR MODULE I

EXECUTE THE FOLLOWING
INSTRUCTICNS

ERASE LAST PROGRAM
FROM MEMCRY

INPUT THE ENTIRE USER
PCF FROM UNIT A
EXECUTE MODULE I1
MODULE I1 DATA CARD
CALL MODULE III



4.4.3 MODULE TI1I

COLUMN 1 & 8

XQT CUR EXECUTE THE FOLLOWING
INSTRUCTICNS
ERS ERASE LAST PROGRAM
.FRCM MEMQORY
IN A° INPUT THE ENTIRE USER
PCF FROM UNIT A
IN S INPUT THE ENTIRE USER
PCF FROM UNIT S
INT INPUT THE ENTIRE USER
PCF FROM UNIT T
XQT MAIN 3 EXECUTE MODULE III

MODULE 111 DATA CARDS

ILE END OF MODULE III INPUT
EOF END OF FILE CARD
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4.5 INPUTS TO THE WORK SCHEDULE PROCESSOR

4¢5.1 INPUTS TO MODULE I. = THE FOLLOWING INPUTS ARE IN
ACDITION TO ANY OF THE STANDARD GEMMV INPUT QUANTITIES AS
NESCRIBED IN SECTION 2.

PHASE 1

A80 SET TO 4 TO CALL MODULE Il AFTER
GEMMV TERMINATICON

Alle SET TO 4 TO CALL WRITE 4 SUBROUTINE
(USED TO GENERATE THE TAPES FOR .
MODULE I1)

Al1G2 SET TO 20 (OUTPUT UNIT FCR WRITE 4).

Alll SET TO O TO SPECIFY CONSTANT INTEGRATION.

Al120 SET TO DESIRED INTEGRATICN INTERVAL(SEC). ’

Al138 SET TO DAY OF YEAR OF LIFT-OFF,

PHASE WHERE WORK SCHEDULE OUTPUT IS DESIRED

A4210 SET TO N (OUTPUT WILL BE EVERY N
INTEGRATION STEPS) A4210 IS USUALLY
ADJUSTED SO THAT WRITE 4 WILL OUTPUT
APPROXIMATELY EVERY 20 SECONDS OF ORBIT
PROPAGATION TIME E.Ges IF A120 IS SET TO
10 SECy THEN A4210 WCULD BE SET TO 2.

PHASE AFTER LAST WORK SCHEDULE OUTPUT IS DESIRED

A648-9 TERMINATION INDEX AND VALUE, RESPECTIVELY
(NORMALLY THE INDEX SHOULD BE Al123 PHASE
TIME, AND THE VALUE SHOULD BE 10 SEC)
Al1C2 SET TO -20 (WRITES AN ECF ON
TAPE UNIT 20)

THE LAST PHASE IN THE DECK SHOULD HAVE A139 SET TO 1
TO TERMINATE THE RUN.
4.5.2 INPUTS TO MODULE I1

CARD 1 = THIS CARD IS USED TO SPECIFY THE TYPES OF DATA
TO BE PROCESSED(13),

COLUMNS
2=4 NUMBER OF RADAR STATIONS TQ BE PROCESSED
(PRESENTLY 27)
6-8 NUMBER OF LANDMARKS TO BE PROCESSED
(TYPE I CARDS)
10-12 NUMBER OF STARS TC BE PROCESSED

(TYPE Il CARDS)
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l4-1¢ NUMBER OF POINTING TARGETS TO BE
PROCESSED (TYPE III CARDS)

18-20 NUMBER OF CLOSEST APPRCACH TARGETS
(TYPE IV CARDS)
22=24 FLAG FOR DAYLIGHT-CARKNESS COMPUTATION

(IF = 0, DO NCT COMPUTF , IF GREATER
THAN O, CCMPUTE)
26-28 FLAG FOR MOON SIGHTING CCMPUTATION
(IF = 0y DO NCT COMPUTE , IF GREATER
THAN 0, COMPUTE)
30-32 FLAG TO COMPUTE EVENTS (APOGEE, PERIGEE,
ASCENDING MODE, REVOLUTICN NUMBER, ETC.)
IF = 0y EVENTS WILL NOT BE COMPUTED
IF GREATER THAN C, THEY wILL BE COMPUTED.

34-36 NUMBER OF ACTIVE VEHICLES IN THE
GEMMV RUN

38-4C MINIMUM ELEVATICN ANGLE FOR RADAR
STATIONS (0-90 DEGREES)

42-44 ANGLE FOR LANDMARK SIGHTINGS
(0-9C) DEGREFES)

46-48 FLAG TO PRINT ALTITUDE AS A COMPUTED

EVENT. THE NUMBER INPUT IN THIS FIELD

IS THE T IN MINUTES AT WHICH ALTITUDE
WILL BE PRINTED (I.E.y A 15 WILL REQUEST
ALTITUDE TO BE PRINTED EVERY 15 MINUTES
OVER THE INTERVAL SPECIFIED IN THE
FOLLOWING SIX FIELDS)

50-52 HR (G.E.TO’
54-56 MIN (GeE.T) START ALTITUDE PRINT

(IF 46-48 GREATER THAN 0)
58-60C SEC (GeE.Ts)
62‘64 HR (G.E.T.’
66-68 MIN (GeE.Tos) STOP ALTITUDE PRINT

(IF 46-48 GREATER THAN 0)
T0-72 SEC (GeE.Ts)

CARD 2 = IF COLUMNS 2-64 OF THIS CARD ARE BLANK, THE ENTIRE
TRAJECTORY GENERATED WILL BE PROCESSED. OTHERWISE
COLUMNS 2-16 SPECIFY START TIME FCR VEHICLE 1,
COLUMNS 18-32 SPECIFY STOP TIME FCR VEHICLE 1
LIKEWISEs COLUMNS 34-48 AND 50-64 SPECIFY START
AND STOP TIMES FOR VEHICLE 2.

COLUMNS

2=4 DAY (1I3)

6-8 HR (13) START TIME

10-12 MIN (I3) VEHICLE 1 (G.E.T.)
14-16 SEC (13)

18-20 DAY (I3)

22=-24 HR (13) STOP TIME

26-28 MIN (I3) VEHICLE 1 (G.E.T,)
30-32 SEC (13)

34-36 DAY (1I3)
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38-40 HR (I2) START TIME

42-44 MIN (I3) VEHICLE 2 (G.E.Te.)

46-48 SEC (13)

50-52 DAY (13)

54-56 HR (13) STOP TIME

58-60 MIN (I3) VEHICLE 2 (G.E.T.)

€2-~64 SEC (I3) .

66-T75 MINIMUM ECCENTRICITY FOR WHICH APOGEE AND

PERIGEE WILL BE PRINTED (E1lO0)

ODATA CARDS - IF USED, THESE CARDS MUST FCLLOW CARD 2.

TYPE I CARDS - THESE CARDS ARE LSED ONLY IF LANDMARK
DATA ARE TO BE PROCESSED ANY NUMBER OF CARDS MAY BE
INPUTs BUT THEY MUST BE INPUT IN ASCENDING ORDER (I3).

COLUMNS
2-4 1.0 NUMBER OF LANDMARK 1
6-8 I.D« NUMBER OF LANCMARK 2
10-12 I.D. NUMBER OF LANDMARK 3

TYPE I1 CARDS - THESE CARDS ARE USED ONLY IF STAR DATA
ARE TO RE PROCESSED. ANY NUMBER OF CARDS MAY BE USEUD,
BUT THEY MUST BE INPUT IN ASCENDING ORDER (I3).

COLUMNS
2=4 I.Ds NUMBER OF STAR 1
6-8 .0, NUMBER QOF STAR 2
10-12 I.0. NUMBER OF STAR 3

TYPE IIl CARDS - THESE CARDS ARE USED CNLY IF POINTING
DATA ARE TO BE PROCESSED. EACH TARGET MUST BE SPECIFIED
ON A SEPARATE CARD. UP TO 5 POINTING TARGET CARDS MAY
.BE PROCESSED.

COLUMNS
1-12 I.De OF POINTING TARGET (A12)
14-23 LATITUDE OF TARGET (DEG)(E10)
25-34 LONGITUDE OF TARGET (DEG)(EL10)
36=44 ALTITUDE OF TARGET (FT) (EB)
45-48 ELEVATION ANGLE DESIRED (DEG)(E4)
50-51 FLAG FOR THE TYPE OF RANGE (A2)

SET TO S- FOR SLANT RANGE (USED FOR WSRR
TEST) LEAVE BLANK FCR GROUND RANGE

TYPE IV CARDS - THESE CARDS ARE USED CNLY IF *CLOSEST
APPROACH TARGET' DATA ARE TO BE PROCESSED. EACH TARGET
MUST BE SPECIFIED ON A SEPARATE CARD. UP TO FIVE TARGET
CARCS MAY BE PROCESSED.
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COLUMNS

1-12 l.D. OF TARGET (A12)

15-23 LATITUDE OF TARGET (DEG) (F9)
25-34 LONGITUDE OF TARGET (DEG){ELC)
40-49 ALTITUDE OF TARGET (FT)(EL10)

4e¢53 INPUTS TO MODULE II1I

CARD 1 - THIS CARD DETERMINES IF THE PLOT TAPE FROM
MODULE II IS TO BE SORTED.

COLUMNS
1-4 SORT = SORT MODULE 11 TAPE,

CARD 2 = THIS CARD DETERMINES THE COLUMN ARRANGEMENT, TIME
SCALES DESIREDs MISSION NAME, AND CURRENT DATE.
EACH COLUMN ON THE CARD CORRESPONDS TO THE SAME
NUMBERED COLUMNS OF THE PLOT. TO DELETE AN QOPTION
FROM THE PLOTy PUNCH AN B IN THE RESPECTIVE

COLUMN.
COLUMNS

1 SET TO © FOR GET (11).
SET TO 1 FOR RET (I1).
SET TO 2 FOR GMT (11),
SET TO 3 FOR EST (I1).

2 SAME INPUT AS CCLUMN 1 (I1)

3 SAME INPUT AS CCLUMN 1 (I1)

4 SET TO 4 TO SPECIFY RADAR QUTPUT (I1)

5 SET TO 5 TO SPECIFY SUNRISE/SUNSET IN
COLUMN 5 (T11)

6 SET TO 6 TO SPECIFY MOCNRISE/MOONSET IN
COLUMN 6 (I1)

7 SET TO 7 TO SPECIFY CCMPUTED EVENTS IN
COLUMN T (I1)

10 DESIRED TIME SCALE (I1)
1 = 2 HOURS
2 = 15 MINUTES
3 =1 HOUR
4 = 30 MINUTES
5 42 MINUTES

12-30 MISSION NAME (A18)

233-44 CURRENT DATE (Al2)

CARD 3 - THIS CARD DETERMINES THE VEHICLE, TIME RANGE, AND
VEHICLE NAME OF THE PLOT.
COLUMNS

1-2 NUMBER OF VEHICLE (1 OR 2) TQ BE
PLOTTED (I2)

5-6 DAY (12)

8-9 HR (12) START TIME OF PLOT. IF ZEROES

11-12 MIN (I2) ARE INPUT, PLOT STARTS AT
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14-15 SEC (I12) BEGINNING OF TAPE (G.E.T.)

17-18 DAY (I2)

20-21 HR (12) STOP TIME OF PLOT. IF ZEROES
23=24 MIN (I2) ARE INPUT, PLOT STOPS AT END
26=27 SEC(12) OF TAPE (GeEeTe)

33-38 VEHICLE NAME (A6)

CARD 4 = THESE CARDS ARE USED TO INPUY EVENTS AT THE TIME
THEY OCCUR, USE ONE CARD PER EVENT, AND AS MANY
CARDS AS ARE NECESSARY.

COLUMNS
1-2 SET TO 11 TO INDICATE INPUT EVENT CARD
(12).
5=6 DAY (12}
7-9 HR (13) TIME OF INPUT EVENT IN G.E.T. .
11-12 MIN (I2)
14-15 SEC (12)
21-80 INPUT STATEMENT (A42)

1F ANOTHER VEHICLE IS DESIRED OR IF ANOTHER TIME RANGE
IS DESIRED FOR THE SAME VEHICLE, INPUT A CARD (2 IN
COLUMN 2) TO CALL THE SECOND VEHICLE CR A SECOND CASE,
THEN ANOTHER CARD 3 IS INPUT WITH THE SAME FORMAT AS
DFSCRIBED ABOVE. FOLLOWING THIS CARD wILL BE THE INPUT
EVENTS ASSOCIATED WITH THIS VEHICLE OR TIME RANGE.

IF ANOTHER COLUMN ARRANGEMENT OR ANOTHER TIME SCALE IS
DESIRED, THE FOLLOWING CARD IS INPUT

CARD 5

COLUMNS
1-2 SET TO 3 TO INDICATE THAT A CARD 2 IS TO
BE READ NEXT (I2).

_FOLLOWING THIS CARD, ANOTHER CARD 2 IS INPUT ALONG WITH
THE CARDS 3 AND 4 ASSOCIATED WITH IT.

CARD 6

COLUMNS
2 SET TO 6 TO INDICATE END OF RUN. MUST
ALWAYS BE THE LAST CARD IN MODULE III
(11).




4.6 INPUTS FOR THE PREDICTED SITE ACQUISITICN TABLE (PSAT)
OPTION

IN ORDER TO GENERATE PSAT DATA, MODULES I AND II ONLY ARE
USED. MODULE 1 INPUT IS IDENTICAL TO THAT DESCRIBED IN SECTION
4.4.19 AND MODULE II IS IDENTICAL TO THE INPUTS DESCRIBED IN
SECTION 4.4.2y EXCEPT FOR THE FOLLOWING

CARD 1
COLUMNS
2=4 SET TO 27 IF ALL 27 STATIONS ARE TO BE
PROCESSED (I3},
34-36 1 OR 2 DEPENDING CN THE NUMBER OF
VEHICLES WHICH ARE TO BE PROCESSED (I13)
38-40 MINIMUM ELEVATICN ANGLE (I3)
CARD 2
COLUMNS
1-64 BLANK IF THE ENTIRE TRAJECTORY IS TO BE

PROCESSED FOR PSAT.

IF PORTIONS OF THE GENERATED TRAJECTCRY ARE TO BE PROCESSED,
SET THE FOLLOWING

2=4 DAY (13)

6-8 HR (I13) START TIME

10-12 MIN (I2) VEHICLE 1 (G.E.T.)
14~-16 SEC (I3)

18-20 DAY (I3)

22-24 HR (I3) STOP TIME

26-28 MIN (I3) VEHICLE 1 (G.E.T.)
30-32 SEC (I3)

34-36 DAY (I3)

38-40 HR (I3) START TIME

42-44 MIN (I2) VEHICLE 2 (G.E.T.)
46-48 SEC (I3)

5C-52 DAY (I2)

54-56 HR (I3) STOP TIME

5e-60 MIN (I3) VEHICLE 2 (GeE.T.)
62-64 SEC (I3)

6€6-75 MINIMUM ECCENTRICITY FCR WHICH APOGEE

AND PERIGEE WILL BE PRINTED (El0)

REPLACE THE FILE 5 CARD IN MODULE II WITH A FILE CARD FOLLOWED
BY AN EOF CARD






5 OPERATING INSTRUCTIUNS FOR THE RTACF MCNITOR SYSTEM
PROCESSORS

5.1 GENERAL

THIS SECTION PRESENTS THE ON-LINE INPUTS REQUIRED FOR EXECUT-
ING THE APOLLO 9 MONITOR SYSTEM PROCESSORS., A BRIEF DISCUSSION
OF THE PURPOSE OF EACH PROCESSOR AND THE TAPE SETUPS AND COCNTROL
CARD LISTINGS REQUIRED TO OPERATE THIS GROUP GF PROCESSORS ON
IBM 7C94 AND UNIVAC 1108 DATA SYSTEMS,

5.2 TAPE SETUP FOR THE IBM 7094 DATA PROCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTICN
A2 MONITOR SYSTEM DATA TAPE
A3 OFF=LINE OUTPUT (PCF) TAPE
Bl MONITOR SYSTEM PROGRAM TAPE
BS ARSS DATA TAPE
AS UPDATE ARRS DATA TAPE

5.3 TAPE SETUP FOR THE UNIVAC 1108 DATA PRCCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTICON
A MONITOR PROGRAM TAPE
B MISSIGON DATA TAPE

S5¢4 CONTROL CARD LISTING FOR THE IBM 7094 DATA PROCESSING
SYSTEM

THERE ARE NO CONTROL CARDS REQUIRED TO EXECUTE MONITOR SYSTEM
PROCESSORS ON THE IBM 7094 DATA PROCESSING SYSTEM,.



5.5 CONTROL CARD LISTING FOR THE UNIVAC 1108 CATA PROCESSING

SYSTEM

CCLUMN 1

4
MSG
ASG
ASG
XQT

N XxQT

EOF

8

A = XXXX
B = XXXX
CUR -
TRW A,8
IN A
OLPROC

CCMMENTS

PROGRAM (PCF) TAPE NUMBER
MISSICN MCNITOR DATA TAPE
EXECUTE THE FOLLOWING
INSTRUCTICNS

REWIND UNITS A AND B

INPUT THE ENTIRE USER PCF
FRCM UNIT A

EXECUTE THE MISSION MCONITOR
(PROCES) PFROGRAM

MISSICN MCNITOR DATA CARDS

END OF FILE CARD







56 INPUTS TO THE MONITOR SYSTEM PROCESSORS

THIS SECTION PRESENTS THE INPUTS REQUIRED TO OPERATE THE
APOLLO 9 MISSION MONITOR SYSTEM PROCESSURS ALONG WITH BRIEF DES-
CRIPTION OF EACH PROCESSOR., EXCEPT FOR THE FIRST PROCESSOR WHICH
USES SOME GEMMV TYPE INPUTS, ALL THE INPUTS HAVE FIELD SPECIFI-
CATIONS INDICATED IN PARENTHESES AFTER. THE CARD, IF ALL THE
FIELDS ARE THE SAME, OR AFTER THE VARIABLE SPECIFICATIONS ARE
NOT IN STRICT ACCORCANCE WITH THE PROCESSOR'S FCRTRAN FORMAT
STATEMENT, A BRIEF EXPLANATION IS GIVEN.

A FIELD SPECIFICATION CONSISTS OF THE FOLLOWING

o A LETTER (I,E+OyA) TO DESIGNATE THE KIND OF INPUT THE
PROCESSOR WILL EXPECT.

« A NUMBER TO DESIGNATE THE MAXIMUM NUMBER OF
COLUMNS ALLOWED FOR EACH INPUT,

THE LETTER I SPECIFIES INTEGER INPUT, RIGHT JUSTIFIED, AND NO
DECIMAL POINT. THE LETTER E SPECIFIES DECIMAL INPUT, LEFT JUSTI-
FIEC, AND A DECIMAL POINT. THE LETTER 0 SPECIFIES QCTAL INPUT,
LEFT JUSTIFIEDs AND ND DECIMAL POINT, THE LETTER A SPECIFIES
LETTERS, DIGITS PUNCTUATION, AND BLANK INPUT, LEFT JUSTIFIED.







Se6e1 CHECKOUT MONITOR PROCESSOR. = THIS PROCESSOR WILL BE
USED TO GENERATE THE RTCC CHECKOUT MCONITOR DISPLAY, USING EITHER
A S-IVB TELEMETRY, A CSM TELEMETRY, OR A RTCC TRACKING VECTOR.,
IT WILL ALSO BE USED TO STORE THESE VECTORS IN THE PROPER INPUT

FORMAT FOR THE APOLLO REAL~TIME RENDEZVOUS SUPPCRT AND GEMMV
PRCGRAMS,
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CHECKOUT MCNITOR PROCESSOR

(IBM 79794 AND UNIVAC 1108)

ON-L INE CARD INPUT

CARD 1

COLUMNS
1-2

CARD 2

Al24
A4871-3
A368
AG3~5
Al138-40
AzaC=2

A248-50
A280

A309
A211

A70-78

BTEM31

BTEM32

BTEM33

TRA CARD

COLUMNS
8-10
12-14

FILE NUMBER

01

INPUT IS THE SAME FCRMAT AS THE GEMMV
PROGRAM AND THE CARDS MAY BE IN ANY ORDER,.

GREENWICH HOUR ANGLE

VECTOR IDENTIFICATICN

REVOLUTION NUMBER

LIFT-0FF TIME (HR, MIN, SEC) (GMT)

VECTOR TIME (HR, MIN, SEC) (GMT)

POSITICN COORDINATES (FT, KM, OR ER)

(Xs Yo 2)

VELOCITY COORDINATES (FT/SEC, M/SEC, OR
ER/HR) (Xy Yo 2)

CURRENT WEIGHT (LB)

LAUNCH AZIMUTH

SET TO 0 TO INPUT A GREENWICH ECI VECTOR.
SET TO 1 TO INPUT A BESSELIAN ECI VECTOR.
SET TO 3 TO INPLT AN TU TELEMETRY VECTOR.
P05 MATRIX ONLY IF A BESSELIAN VECTOR IS
INPUT (INPUT THE POS MATRIX ROW-WISE.)
SET TO O IF THE INPUT VECTOR UNITS ARE
KM=M/SEC OR ER=-ER/HR,

SET TO 1 IF THE INPUT VECTOR UNITS ARE
FT-FT/SEC.

SET TC GMTIUGRR=GMTL/0O IN SEC ONLY IF AN
IU VECTOR IS INPUT.

SET TO 1 TO GENERATE UPDATED ARRS INPUT
DECK FOR TRACKING.

TERMINATES THE INPUT FOR A CASE,

TRA (A3)
2¢4 (A3)

NOTE - ADDITIONAL CASES ARE INPUT BY REPEATING CARDS 2 THROUGH

THE TRA CARD.
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S.6.2 AERODYNAMICS AND MASS PROPERTIES PROCESSOR - THE AERO-
DYNAMICS AND MASS PROPERTIES PROCESSOR WILL BE LSED TO DETERMINE
THE CM ENTRY AERODYNAMICS AS WELL AS THE CSM CENTER OF GRAVITY
LOCATIONy MCMENTS OF INERTIA, PRODUCT MCMENTS OF INERTIA, AND
ENGINE TRIM ANGLES AT ANY TIME DURING THE MISSICN. THE PROCESSOR
IS COMPOSED OF FOUR OPTIONS FROM WHICH THE CSM TRIM AERODYNAMICS,
CSM CENTER OF GRAVITY LOCATION, MASS PRCPERTIES TABLEs AND
CIGITAL AUTOPILOT COMMAND LOAD CAN BE GENERATED.
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AEFRODYNAMICS AND MASS PROPERTIES PROCESSOR

(IBM 7094 AND UNIVAC 11¢8)

CARD 1

COLUMNS
1-2

CARD 2

COLUMNS
3

OPTION 1
CARD 3
COLUMNS
1-7
8=14
15-21
22-28
29-40
GPTION 2
CARD 3
COLUMNS
1-3
CARD 4
COLUMNS
4=11

12-18

ON=LINE CARD INPUT

FILE NUMBER

N2

CALCULATICN OPTION (13)

1 GENERATE THE AERQODYNAMICS TABLE OF THE
PRESENT VEHICLE,

2 DETERMINE THE NEW CENTER OF GRAVITY
LOCATION OF THE VEHICLE AFTER ADDING
OR SUBTRACTING THE DESIGNATED MODULES.

3 GENERATE THE MASS PROPERTIES TABLE.

4 GENERATE THE DIGITAL AUTOPILOT LOAD.

PARAMETERS OF PRESENT VEHICLE

WEIGHT OF PRESENT VEHICLE (F7.2)
XCG - X STATION OF CENTER 0OF GRAVITY

(F7.2)

YCG = Y STATION CF CENTER 0OF GRAVITY
(F7.2)

ICG = 7 STATICN CF CENTER OF GRAVITY
(F7.2)

COMMENTS (2A6)

NUMBER OF MODULES TG BE INPUT FOR A RUN
(13)

PARAMETERS OF THE MCDULES

WEIGHT OF MODULE PLLS IF IT IS TO BE

ADDED OR MINUS IF IT IS TO BE SUBTRACTED

(F8.3)

XCG = X STATION CF CENTER OF GRAVITY 0F
MODULE (FT7.3)
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19-24

25-39

YCG - Y STATICN CF CENTER OF GRAVITY OF
MODULE (F6.2)

ICG - 1 STATION CF CENTER OF GRAVITY OF
MODULE (Fé6.2)

THE FOLLOWING INPUTS ARE NEEDED ON CARD 4 IF NEW SPACECRAFT
MCMENTS OF INERTIA ARE TO BE CALCULATED

COLUMNS
31-37

38-44

45-51

IXX - MOMENT OF INERTIA CF THE MODULE
ABOUT THE X=-AXIS (F7.0)

[YY - MOMENT OF INERTIA CF THE MODULE
ABOUT THE Y=-AXIS (F7.0)

127 - MOMENTS OF INERTIA OF THE MODULE
ABOUT THE Z-AXIS (F7.0)

THE FOLLOWING INPUTS ARE NEEDED ON CARD 4 IF NEW SPACECRAFT

PRODUCT MOMENTS OF

COLUMNS
52-58
59-65
€6=-72

CARD 5

COLUMNS
1-3
4-6

7-9

11-22
CARD &

COLUMNS
1-3
4=6

14-76

OPTION 3 ANC 4.

CARD 3

INERTIA ARE TO BE CALCULATED

IXY - PRODUCT MOMENT OF INERTIA (F7.2)
IXZ - PRODUCT MCMENT OF INERTIA (F7.2)
IYZ - PRODUCT MOMENT OF INERTIA (F7.2)

OPTIONS FOR EACH CASE IN THE RUN

NUMBER OF MODULES FOR A CASE (I3)

1 COMPUTE AERODYNAMICS (I3).

O DO NCT COMPUTE AERODYNAMICS (I3).

1 USE ONLY THQSE MODULES SPECIFIED ON
CARD 6 FOR A CASE (I3).

0 USE THE FIRST N MCDULES FOR A CASE
WHERE N IS THE NUMBER IN COL. 1-3 AND
CARD 6 IS NOT INCLUDED FOR THE CASE
(13,

COMMENTS (A12)

MODULES TO BE USFD FCR A CASE (1813)

EACH NUMBER IN FIELDS 1-3, 4-64y ETCe, COR-
RESPONDS TO THE ORDER IN WHICH THE MODULE
WERE INPUT (E.G. TO USE THE SECOND AND
FOURTH OF THE INPUT MODULES FOR A CASE
(COL. 1-3)=002, (COL. 4=-6)=004 AND (COL.
T7-76)=BLANK.

(COL. 7-76)=BLANK).




COLUMNS
1-7

10

12-23
MODULE 1
COLUMNS
1-7
8=14
15-21
22-28
29-35
36=42
43-49
50-56
57-63
64-10
MODULE 2
MOCULE 3

COLUMNS
1-7

MODULE ¢4
MOCULE 5
MODULE 6
MODULE 7

MODULE 9

OPTION 3 - INPUT SPS MIXTURE RATIO (F7.2)

OPTION 4 - INPUT THRUST LEVEL (LB) (F7.2)

OPTION 3 - CONFIGURATICN FLAG

=1. GENERATE TOTAL MASS
PROPERTIES

=2 GENERATE MASS PROPERTIES
FOR SPS BCTTOM, LM TOP,
APS TOP

=3 GENERATE MASS PROPERTIES
FOR SPS TOPy LM BQOTTOM

OPTION 3 - COMMENTS (2A6)

COMMAND MODULE

WEIGHT OF MODULE (F7.2)

XCG - X STATICN CF CENTER OF GRAVITY OF
MODULE (F7.2)

YCG - Y STATION CF CENTER OF GRAVITY OF
MODULE (F7.2)
ZCG = 1 STATION CF CENTER OF GRAVITY OF

MODULE (F7.2)

IXX = MOMENT OF INERTIA OF THE MODULE
ABOUT THE X=AXIS (F7.2)

1Yy MOMENT OF INERTIA CF THE MODULE
ABOUT THE Y-AXIS (FT7.2)

122 MOMENT OF INERTIA CF THE MODULE
ABOUT THE Z-AXIS (F7.2)

IXY - PRODUCT MCMENT OF INERTIA (F7.2)

IXZ - PRODUCT MCMENT OF INERTIA (F7.2)

IYZ - PRODUCT MOMENT OF INERTIA (F7,.,2)

SERVICE MODULE (SAME FORMAT AS CARD 4)

RCS QUAD A

WEIGHT (LB) (F7.2)
RCS QUAD B (F7.2)

RCS QUAD C (F7.2)

RCS QUAD D (F7.2)

SPS FUEL (F7.2)

SPS OXID (F7.2)



MODULE 11 PRIMARY H2 (F7.2)

MOCULE 12 SECCNDARY H2 (FT7.2)

MODULE 13 PRIMARY 02 (F7.2)

MOCULE 14 ' SECCNDARY 02 (FT7.2)

MODULE 15 POTABLE WATER (F7.2)

MODULE 16 WASTE WATER (F7.2)

MODULE 17-25 THESE ARE OPTION CARDS FCR INPUTTING

ADDITIONAL MODULES AND ARE THE SAME
FORMAT AS MODULE 3. IT IS ONLY NECESSARY
TO INPUT AS MANY CARDS AS THERE ARE
ADDITIGNAL MODULES.

CONTROL CARD FOLLOWS LAST MISC CARD (F7.2)
COLUMN
1 Ce

TO CELETE THE CSM MASS PROPERTIES CALCULATICNS SET THE MIXTURE
RATIO DR THRUST (CARD 3) TO ZERO. THE FOLLOWING INPUTS ARE
NEEDED IF MASS PROPERTIES FOR THE ASCENT STAGE ARE TO BE
CALCULATED.

CARD
COLUMNS
1-7 OPTION 3 - APS MIXTURE RATIO (FT.2)
1-7 OPTION 4 - APS MIXTURE RATIO (F7.2)
12-23 OPTIGN 3 = COMMENT (2A6)
8-14 OPTION 4 - DOCKING ANGLE (F7.2)
MODULE 27 ASCENT STAGE
COLUMNS )
1-7 WEIGHT OF MODULE (F7.2)
8-14 XCG - X STATION CF CENTER OF GRAVITY OF
MODULE (F7.2)
15-21 YCG - Y STATION OF CENTER OF GRAVITY OF
MODULE (F7.2)
22-28 ICG - 2 STATION OF CENTER OF GRAVITY OF
MODULE (F7.2)
29-135 IXX = MOMENT OF INERTIA CF THE MODULE

ABOUT THE X=-AXIS (F7.2)
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36-42
43-45
50-56
57-63
64-70
MODULE 28

COLUMNS
1-7

MODULF 29
MODULE 30
MODULE 31
MODULE 32
MODULE 33
MODULE 34
MODULE 35
MOCULE 36
MODULE 37
MOCULE 38
MOCULE 3¢
MOCULFE 4C
| MODULE 41
MOCULE 42
MOCULE 43
MODULE 44
MOCULE 45
MODULE 46
CCNTROL CARD
COLUMN

1

vy

122

APS

MOMENT OF INERTIA CF THE MODULE
ABOUT THE Y=AXIS (F7.2)

MOMENT OF INERTIA OF THE MODULE
ABOUT THE Z-AXIS (F7.2)

IXY = PRODUCT MCMENT OF INERTIA (F7.2)
IXZ = PRODUCT MCMENT OF INERTIA (F7.2)
IYZ - PRODUCT MCMENT OF INERTIA (F7.2)

FUEL

WEIGHT (LB) (F7.2)

APS OXIDIZER (F7.2)

RCS
RCS
RCS
RCS
ASC
ASC
ASC
ASC
LM
LM
LM
LM
LM
LM
LM
LM
LM

FOL

0.

FUEL
FUEL
axID
OXID
021
02 2

H20

A (F7.2)
B (F7.2)
A (F7.2)
B (F7.2)
{(FT7.2)
(F7.2)

1 (F7.2)

H20 2 (F7.2)

MISC
MISC
MISC
MISC
MISC
MISC
MISC
MISC
MISC

LOWS

(F7.2)
(FT.2)
(FT7.2)
(F7.2)
(F7.2)
(F7.2)
(F7.2)
(F7.2)

(F7.2)

LAST MISC CARD (F7.2)
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MIXTURE RATIO TO ZERO. THE FOLLOWING INPUTS ARE NEEDED IF MASS

TO DELETE THE ASCENT STAGE MASS PROPERTIES CALCULATIONS SET THE ‘
PROPERTIES FOR THE DESCENT STAGE ARE TO BE CALCULATED.

CARD
COLUMNS _
1-7 - OPTION 3 - DPS MIXTURE RATIO (FT7.2)
1-7 OPTION & - DPS MIXTURE RATIO (FT.2)
12-23 OPTION 3 - COMMENT (2A6)
MODULE 48 DESCENT STAGE i
COLUMNS
1-7 WEIGHT OF MODULE (F7.2) .
8-14 XCG - X STATION OF CENTER OF GRAVITY OF
MODULE (F7.2)
15-21 YCG - Y STATION CF CENTER OF GRAVITY OF
MODULE (F7.2)
22-28 1CG - 7 STATION CF CENTER OF GRAVITY OF
MODULE (F7.2)
29-35 IXX - MOMENT OF INERTIA CF THE MODULE
ABOUT THE X=AXIS (F7.2)
36-42 IYY MOMENT OF INERTIA CF THE MODULE
ABOUT THE Y=AXIS (FT.2)
42-49 12Z MOMENT OF INERTIA OF THE MODULE
ABOUT THE Z=AXIS (F7.2)
50-56 IXY - PRODUCT MCMENT OF INERTIA (FT7.2)
57-63 IXZ - PRODUCT MCMENT OF INERTIA (FT7.2)
€4-170 IYZ = PRODUCT MOMENT OF INERTIA (FT7.2)
MODULE 49 DPS FUEL 1 (FT7.2)
COLUMNS
1-7 WEIGHT OF MODULE (F7.2)
MODULE SGC DPS FUEL 2 (F7.2) )
MODULE S1 DPS OXID 1 (F7.2)
MODULE 52 DPS OXID 2 (F7.2) )
MODULE 53 DESCENT 02 (F7.2)
MOCULE 54 DESCENT H20 (F7.2)
CONTROL CARD FOLLOWS LAST MISC CARD (F7.2)
COLUMN




1 0o
CONTROL CARD
COLUMN

1 R

TC DELETE MASS PROPERTIES CALCULATIONS FOR THE CESCENT STAGE SET
THE MIXTURE RATIO TO ZERO.



S5¢6+3 COMMAND FORMATTING AND GENERAL CGNVERSICN PROCESSOR.-
THIS PROCESSOR CONTAINS TEN OPTIONS IN WHICH DATA IN ENGINEERING
UNITS ARE CCNVERTED TO OCTAL OR DATA IN OCTAL ARE CONVERTED TO
ENGINEERING UNITS. NINE OF THE OPTIONS ARE CONCERNED WITH UP-
LINKED OR DOWN-LINKEC CMC QUANTITIES AND POSSESS FIXED FORMATS,
SCALE FACTORS, AND DCTAL PRECISIONS. THE SEVENTH OPTION IS FOR
GENERAL CONVERSION FROM ENGINEERING UNITS TO OCTAL, OR VICE
VERSA, GIVEN THE NUMBER, SCALE FACTORS, PRECISICNs, AND MULTI-
PLIERS IF NECESSARY,
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CCMMAND FORMATTING AND GENERAL CCNVERSICN PROCESSOR

CARD

CARD

PROCESSOR

CARD

tARD
CARD
CARD
CARD
CARD

CARD

(IBM 7054 AND UNIVAC 11cC8)

1
COLUMNS
1-2
2
COLUMNS
1
2
OPTION 1, S,
3
COLUMNS
1-20
4
5
6
7
8
9

UN=LINE CARD

FILE NUMBER

03

INPUT

PROCE SSOR AND CCNVERSICN OPTIONS

NN D W N

Q

OPTION 6,

NAVIGATION UPCATE
ORBIT EXTERNAL DELTA V

DEORBIT EXTERNAL DELTA V

REFSMMAT

RTCC RESTART VECTCR {(NUMERIC)

RTCC RESTART VECTOR (ALPHANUMERIC)
GENERAL CONVERSICN

TAL CONVERSICN.)

1 OCTAL TO DECIMAL CCNVERSION
CESSOR OPTICN 6,

DECIMAL TO OCTAL CCNVERSION (FOR PRO-
THIS IS ALPHANUMERIC TO OC=-

ALPHANUMERIC CCNVERSICN.)

FOR DECIMAL TO OCTAL CCNVERSION

X POSITICN
Y POSITION
Z POSITION
X VELOCITY

Y VELOCITY
Z VELOCITY

VECTOR TIME

COORDINATE
COORDINATE
COORDINATE
COORDINATE
CCORDINATE
CCORDINATE

(GeM.T.)

(FT) (E20)
(FT) (E20)
(FT) (E20)
(FT/SEC) (E20)
(FT/SEC) (E20)

(FT/SEC) (E20)

(FOR PRO-
THIS IS OCTAL TO



PROCESSOR
PFCCESSCR

CARD

CARD
CARD
CARD
CARD
CARD
CARD

PROCESSOR
CARD

CARD

CARD

CARD
PROCESSOR

CARD

CARD
CARD

CARD
PROCESSOR

COLUMNS

1-3
4-5
6-10

OPTION 1,

QPTION 6 FOR

3

COLUMNS
1-10

4

5

6

7

8

9

HOURS (13)

MINUTES (12)

SECONDS (E5)

FOR OCTAL TO DECIMAL CCNVERSION, OR
DCTAL TO ALPHANUMERIS.

X POSITION COORDINATE (KM) (O10)

Y POSITION COORDINATE (kM) (010)

7 POSITION COORDINATE (kM) (010}

X VELOCITY COORDINATE (M/CS) (010)
Y VELOCITY COORDINATE (M/CS) (010)
Z VELGCITY COORDINATE (M/CS) (010)

VECTOR TIME (CS) (01C)

OPTION 2 WITH DECIMAL TO OCTAL CCNVERSIGNS'

3
COLUMNS
1-3
4-5
6-10
4
COLUMNS
1-2¢
5
6

IGNITICN TIME (G.EeTe)

HOURS (13)
MINUTES (12)
SECONDS (ES)

EXTERNAL DELTA VX CCMPCNENT (FT/SEC) (E20)
EXTERNAL DELTA VY CCMPONENT (FT/SEC)(E20)

EXTERNAL DELTA VZ CCMPCNENT (FT/SEC)(E20)

OPTION 2 WITH OQCTAL TO DECIMAL CCNVERSION®

3
COLUMNS
1-10
4
5
6

IGNITION TIME (SEC) (010)

EXTERNAL DELTA vX CCMPONENT (M/CS) (010)
EXTERNAL DELTA VY CCMPCNENT (M/CS) (010)

EXTERNAL DELTA VZ CCMPCNENT (M/CS) (010)

OPTION 3 WITH DECIMAL TO OCTAL CCNVERSION!
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CARD 3

COLUMNS
1-20 LATITUDE OF IGNITION (DEG) (E20)
CARD & LONGITUDE OF IGNITICN (DEG) (010)
CARD 5 ' IGNITICN TIME (G.E.T.)
COLUMNS
1-3 HOURS (I3)
4-5 MINUTES (I2)
6-10 SECONDS (£5)
CARD 6 EXTERNAL DELTA vX CCMPONENT (FT/SEC)(D10)
CARD 7 EXTERNAL DELTA VY CCMPCNENT (FT/SEC)(Q10)
CARD 8 EXTERNAL DELTA VZI CCMPCNENT (FT/SEC)(N10)

PROCESSCR OPTICN 3 WITH NCTAL TO DECIMAL CCANVERSICN®

CARD 3
COLUMNS
1-10 LATITUDE OF IGNITICN (DEG) 0-360 DEGREES

(010)

CARD ¢4 LONGITUDE OF IGNITICN (DEG) 0-360 DEGREES
(010)

CARD 5 IGNITION TIME (CS) (Cl0)

CARD 6 EXTERNAL DELTA vX CCMPCNENT (M/CS) (010)

CARD 7 £ XTERNAL DELTA VY CCMPONENT (M/CS) (010)

CARD 8 EXTERNAL DELTA VZ CCMPCNENT (M/CS) (010)

PROCESSOR OPTION 4 WITH DECIMAL TO OCTAL CCNVERSICN?

CARD 3
COLUMNS
1-20 FIRST ELEMENT OF REFSMMAT (E20)
CARDS 4-11 ELEMENTS OF REFSMMAT INPUT ROW-WISE {E20)

PROCESSOR OPTION 4 WITH OCTAL TO DECIMAL CCNVERSICON®
CARD 3

COLUMNS -
1-10 FIRST ELEMENT OF REFSMMAT (010)



CARD 4~11 ELEMENTS OF REFSMMAT INPLT ROW-WISE (010)

PROCESSOR OPTICON €& WITH ALPHANUMERIC TO OCTAL CCNVERSICN!

CARD 3 X POSITION COMPCNENT (KM)
COLUMNS _

1-4 - MOST SIGNIFICANT DIGITS (A4)

6-9 LEAST SIGNIFICANT DIGITS (A4)
CARD 4 Y POSITION COORDINATE (KM) (A4)
CARD 5 Z POSITION COORDINATE (KVM) (A4) .
CARD 6 X VELOCITY COORDINATE (M/CS) (A4)
CARD 7 Y VELCCITY COORDINATE (M/CS) (A4) )
CARD 8 Z VELOCITY COORDINATE (M/CS) (A4)
CARD 9 VECTOR TIME (CS) (A4)

PRGCESSOR OPTION 7 WITH DECIMAL TO OCTAL CCNVERSICN®

CARD 3
COLUMNS

1-20 DECIMAL NUMBER TO BE CCNVERTED TO OCTAL
(E20)

24=25 SCALE FACTOR (I2)

29-30 PRECISION (12)

31-50 MULTIPLIER OF THE NUMBER TO BE CONVERTED
(E20)

55-72 COMMENTS (3A6)

PROCESSOR OPTION 7 WITH OCTAL TO DECIMAL CCAVERSIQON'

CARD3
COLUMNS
1-15 OCTAL NUMBER TO BE CCNVFRTED TO DECIMAL
(015) .
24-25 SCALE FACTOR (12)
2S=-30 PRECISION (I2)
31-5¢C DIVISOR OF THE NUMBER TO BE CONVERTED
(E20)
55=72 COMMENTS (3A6)
55-72 COMMENTS (3A6)

PROCESSOR OPTION 9 WITH OCTAL TO DECIMAL CCNVERSICN'

CARD 3




COLUMNS
1-5 OCTAL NUMBER TO BE CCNVERTED (05)
CARDS 4-~N OCTAL NUMBER TO BE CCNVERTED (05)
CARDS N+1 1-5 $9999

NCTE* PROGRAM CANNOT BE RECYCLED AFTER EXECUTING GPTION 9

PROCESSCR OPTION 10 WITH DECIMAL TO OCTAL CCNVERSICN?

CARD 3
COLUMNS
1-20 PITCH TRIM ANGLE (DEG) (E20)
CARD 4 YAW TRIM ANGLE (DEG) (E2C)
CARD S VEHICLE WEIGHT (LB) (E20)

PROCESSOR OPTION 10 WITH OCTAL TO DECIMAL CCNVERSION!

CARD 3
COLUMNS
1-5 PITCH TRIM ANGLE (CDU PULSES/SEC) (05)
CARD 4 YAW TRIM ANGLE (CDU PULSES/SEC) (05)
CARD 5 VEHICLE WEIGHT (LB) (E20)



5.6+4 K-FACTOR PROCESSOR - THIS PROCESSOR WILL BE USED TO
COMPUTE THE ATMOSPHERIC DENSITY K-FACTOR FOR THE RTCC. THE K-FAC-
TOR VALUE IS DETERMINED BY PROPAGATING CNE INPUT STATE VECTOR TC
THE TIME OF A LATER INPUT STATE VECTOR. THE VALUE OF THE ATMOS-
PHERIC DENSITY MULTIPLIER IS ADJLSTED UNTIL THE PROPAGATED VECTOR
AND THE SECOND STATE VECTOR AGREE TO SCME SPECIFIED ACCURACY.
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CARD 1

COLUMNS
1-2

CARD 2

COLUMN
1

CARD 3

COLUMNS
1-10
11-20
21-30

CARD ¢4

COLUMN
1

11-20
21-30
21-40

K-FACTOR PROCESSCR

(IBM 7C94 AND UNIVAC 11¢8)

ON=LINE CARD INPUT

FILE NUMBER

o4

COMPARISCN OPTICN

1 COMPARE EACH VECTOR TQO THE FIRST VECTOR.
2 COMPARE EACH VECTOR TO THE PRECEEDING
VECTOR.

VEHICLE WEIGHT (LB) (E10)
VEHICLE REFERENCE AREA (FT2) (E10)
DRAG COEFFICIENT (E10)

VECTOR QOPTIGN

1 VECTOR IS TO BE INPUT IN DECIMAL REC-
TANGULAR COORDINATES (ERy ER/HR) (X, Y,
Zy XDOT, YDOT, ZDCT).

2 VECTOR IS TO BE INPUT IN DECIMAL REC-
TANGULAR COORDINATES (FT, FT/SEC) (X,
Ys 24 XDOT,s YDOT, ZDQT).

3 VECTOR IS TO BE INPUT IN GEODETIC
SPHERICAL COORDINATES (FT, FT/SEC, DEG)
Ve ¢ s He o e

4 VECTOR IS TO BE INPUT IN GEQOCENTRIC
SPHERICAL COORDINATES (FT, FT/SEC, DEG)
(Vo o s+ Ry 5 » o

5 VECTOR IS TO BE INPUT IN CLASSICAL
ORBITAL ELEMENTS (FT, FT/SEC, DEG)

(Ay Eo Iy Go Hy L)

6 VECTOR IS TO BE INPUT IN OCTAL RECTAN-
GULAR COORDINATES (ER, ER/HR) (Xe Yy Z,
XDOT, YDOT, ZDOT).

K1-GUESS K-FACTOR (E10) MUST BE INPUT

K2-GUESS K-FACTOR (E10) AND BE
K3=GUESS K~FACTOR (E10) REASONABLE VALUES.

5-23



CARD S

COLUMNS
13-16

CARL 6

COLUMNS
12-15
17-19
21-25

CARD 7

COLUMNS
12-15
17-19
21-25

CARD 8

COLUMNS
12-14

FCR VECTOR OPTION
CARD 9

COLUMNS
1-20
21-40
41-60

CARD 10

COLUMNS
1-20
21-40
41-60

FCR VECTOR OPTION 6!

CARD 9

COLUMNS
12-23
25-36
38-51

N < X

VECTOR IDENTIFICATICN (A4)

VECTOR TIME (GeM.T,.)

HOURS (E4)
MINUTES (E2)
SECONDS (ES)

LIFT-0FF TIME

(GeM, To)

FOLLOWS VECTOR TIME).

HOURS (E4)
MINUTES (E3)
SECONDS (ES)

REVOLUTION NUMBER (13)

1 2 3

x0OoT v
YDOT
ZD00T

XDOT H
YDOT
007 D

X(012)
Y(01l2)
2(012)

5-24

4 5

(E20)
(E20)
(E20)

~—m >

(E20)
(E20)
(E20)

~rI®

(NOTE THAT THIS



CARD 10

COLUMNS
12-23 X{DOT)
25-36 Y(DOT)
328-51 Z2(p0om)

NOTE - ADDITIONAL VECTORS ARE INPUT BY REPEATING CARDS 5-10,

PLACE AN END-OF=FILE CARD AT THE END OF THE ON-LINE DECK TO
TERMINATE TFE INPUT.
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5¢6¢5 PVT EQUATICON PROCESSCR = THIS PROCESSOR WILL BE USED TO
DETERMINE THE AMOUNT OF OXIDIZER AND FUEL REMAINING IN EACH TANK
AND HOW MUCH OF THIS CAN BE CONSIDERED USEFUL PROPELLANT. USING
ONBCARD VALUES OF HELIUM TEMPERATURE AND PRESSUREs THE PROCESSOR
EMPLOYS THE REAL GAS EQUATION TO DETERMINE THE VOLUME OF HELIUM
USED TO PRESSURIZE THE FUEL OXIDIZER SYSTEM. ONCE THE VOLUME OF
HELIUM 1S DETERMINED IN EACH TANKs THE AMOUNT OF FUEL OR OXIDI-
ZER IS COMPUTED FROM THE KNOWN TOTAL VOLUME OF FACH TANK. THE
AMOUNT OF USEABLE PROPELLANT IS THEN DETERMINED FROM THE FUEL TO
OXIDIZER MIXTURE RATIO BEING USED AND THE ABILITY (EFFICIENCY)
OF EACH TANK TC EXPEL ALL ITS CONTENTS.




CAFRD

CARD

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

CARD

NOTE®* PLACE TwWO BLANK CARDS AT THE END OF THE ON=-LINE DECK TO

1
COLUMNS
1-2
2
COLUMNS
1-1C
11-20
21-30
31-40
31-40
3
4
5
6
7
8
9
138
11

PVT EQUATION PROCESSOR

(IBM 7CG4 AND UNIVAC 11C8)

ON-LINE CARD INPUT

FILE NUMBER

C5

TANK

QUAD
QUAD
QUAD
QUAD
QUAD

SOURCE PRESSURE
TEMPERATURE (DEG)
DELTA TEMPERATURE
- OXIDIZER PRESSURE (LB/IN2)
FUEL PRESSURE (LB/IN2)
MIXTURE RATIO 1 (E10)
MIXTURE RATIO 2 (E1Q)
OXIDIZER REMAINING (LB)

FUEL REMAINING (LB}

TERMINATE THE INPUT,

LOGIC FOR EACH QUAD

QOO >

(LB/IN**2)



S«6e6 REFSMMAT PROCESSOR. = THIS PROCESSCR WILL CCMPUTE THE
REFSMMAT THAT wWILL BE USED FRCM LIFT=-OFF UNTIL THE IMU IS RE-
ALIGNED IN ORBITe. THE REFSMMAT IS COMPUTED FRCM THE LAUNCH PAD
LCCATIONs FLIGHT AZIMUTH, TIME OF GUIDANCE REFERENCE RELEASE
(GRR), AND THE VALUES OF THE PRECESSION AND NUTATION ANGLES.




REFSMMAT PROCE SSOR

(IBM 7C94)

ON=LINE INPUT

| ‘ CARD 1 FILE NUMBER
COLUMNS
1-2 o)
- CARD 2
COLUMNS
. 1-20 LONGITUDE OF PAD 0-360 DEG (E20)
21-40 LATITUDE OF PAD 0-9C DEG (E20)
41-60 ALTITUDE OF PAD (M) (E20)
CARD 3
COLUMNS
1-2C AXO* IS THE ANGULAR ROTATICN ABOUT +X
(RAD) (E20)
21-40 AYO* IS THE ANGULAR ROTATICN ABQUT -Y
(RAD) (E20)
‘ 41-6C CAZ IS FLIGHT AZIMUTH 0-360 DEG (E20)
CARD 4
COLUMNS
1-20 TEPHEM IS THE TIME FROM BESSELIAN REFER-
ENCE TO MIDNIGHT PRIOR TC LAUNCH (SEC)
(E20).
21-40 TGRR IS THE TIME FRCM MIDNIGHT PRIOR TO
LAUNCH TO GUIDANCE REFERENCE RELEASE
(SEC) (E20).
41-69 CAZO IS THE GREENWICH HOUR ANGLE, OR RO-

TATION ABOUT Z BETWEEN #+X AND THE GREEN-
WICH MERIDIAN AT MIDNIGHT PRIOR TO JULY
1 CAZ0=0-360 DEG (E20).

AXO AND AYO ARE THE PRECESSION AND NUTATION ANGLES AND THE
. VALUES MAY BE OBTAINED FROM NASA-FAB.



Seb6e7 SPACECRAFT=TO-SUN ALIGNMENT PROCESSOR. - THE SPACE-
CRAFT-TO-SUN ALIGNMENT PROCESSOR WILL BE USED TC DETERMINE THE
IMU GIMBAL ANGLES REQUIRED TO ORIENT THE CSM SO THAT A GIVEN
LOCATION ON THE SPACECRAFT BODY WILL BE POINTED AT THE SUN.

THIS LOCATION IS SPECIFIED BY PITCH AND YAW ANGLES FROM THE
SPACECRAFT Xx-AXIS.




NOTE?

SPACECRAFT-TO-SUN ALIGNMENT PROCESSOR

CARD 1

CULUMNS
1-2

CARD 2

CULUMNS
1-5
6-10
11-15
16-20
21-25
26-390

CARD 3
CJLUMNS
12-20
22-30
32-40
CAKD 4
CARD 5

CARD 6

CULUMNS
1-10
11-20

CARD 7

CJLUMNS
21-23

ADDITIUNAL CASES ARE INFUT BY

(IBM 7C94 AND UNIVAC 1108)

GN-LINE CARD INPUT

FILE NUMBER

c7

COORDINATES OF THE

RIGHT ASCENSION GF
RIGHT ASCENSION OF
RIGHT ASCENSION OF
DECLINATION OF THE
DECLINATION OF THE
DECLINATION OF THE

SUN

THE
THE
THE
SUN
SUN
SUN

(ES5)

SUN (HR)
SUN (MIN)
SUN (SEC)
(DEG)
(MIN)
(SEC)

REFSMMAT INPUT ROW-WISE (E190)

REFSMMAT (1,1)
REFSMMAT (1,2)
REFSMMAT (1,y3)
REFSMMAT (Ze1l)y (242},
REFSMMAT (3,1)y (3,2),

ANGLES USED TO LOCATE THE POSITION ON THE
SPACECRAFT TO BE DIRECTED

(E10)

(2,3) (E10)

(3,3) (E10)

YAW FRCM SPACECRAFT X-AXIS (DEG)
PITCH FROM SPACECRAFT

END

5-31

X-AXIS (DEG)

REPEATING CARD 6

TOWARDS THE SUN



5648 GIMBAL AND FLIGHT DIRECTOR ATTITUDE INDICATOR (FDAI)
ANGLFS CONVERSION PROCESSOR. = THIS PROCESSCR WILL BE USED
TO CONVERT FDAI ANGLES TO IMU GIMBALS, CR GIMBALS TO FDAI ANGLES.




\
‘ GIMBAL AND FDAI ANGLES CONVERSIGN PROCESSOR

(IBM 7C94 AND UNIVAC 11C8)

CARD 1 FILE NUMBER
COLUMN
2 8
CARD 2 INPUT PARAMETERS
" COLUMN
1 ANGLES TO BE CONVERTED

= 1 GIMBAL ANGLES TO FDAI ANGLES
= 2 FDAI ANGLES TO GIMBAL ANGLES
1C6-19 I+«GeAs OR FDAI RCOLL ANGLE
20-29 M.G.A, OR FDAT PITCH ANGLE
30-39 O+.GeAe OR FDAI YAW ANGLE

NOTE - ADDITIONAL CASES CAN BE RUN BY REPEATING CARD 2. A BLANK
CARD WILL TERMINATE THE RUN,
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5609 GIMANG PROCESSOR. =
DATA NOT AVAILABLE AT THIS TIME
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“e6e10 RESSELIAN AND STABLE MEMBER VECTOR CCNVERSION
PRCCESSOR. - THIS PROCESSCR WILL CONVERT BESSELIAN TO STABLE

MEMBER VFECTORSy OR STABLE MEMBER TO BESSELIAN BY ROTATING
THROUGH AN INPUT REFSMMAT,
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RESSELIAN AND STABLE MEMBER VECTOR CCNVFRSICN PROCESSOR

NOTE
SARY

CARD 1

CARD 2

CARD 5

CARD 6

CARD 7

CARD 8

(IBM 7064 AND UNIVAC 11G08)

COL UMN
1

-4

COL UMN
12-20
22-30
32-40

CILUMN
1

COLUMN
1

COLUMNS
12-23
25-36
38-49

COLUMNS
12-23
25-136
38-49

IF SET 70 1, REFSMMAT IS TGO BE INPUT ON
THE NEXT THREE CARDS

REFSMMAT INPUT RCW-WISE (Z9)

REFSMMAT (N,M)
REFSMMAT (NyM+1)
REFSMMAT (NoM+2)

VECTOR TO BE CCNVERTED
2 BESSELIAN
3 STABLE MEMBER

INPUT VECTOR TYPE
= 0 OCTAL VECTOR
= 1 DECIMAL VECTCR

POSITICN COORDINATES
X

Y

4

VELOCITY COORDINATES
X=-DOT

y-00T
Z-DoT

~ ADDITIONAL CONVERSIONS CAN BE MADE BY REPEATING THE NECES-
A BLANK CARD WILL TERMINATE THE RUN.

CARDS.
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S5e6e11l EXTRAVEHICULAKR MOBILITY UNIT WATER USAGE PROCESSOR. - ‘
THIS PROCESSOR COMPUTES THE RATE OF LOSS OF COOLANT WATER DURING

EXTRAVEHICULAR ACTIVITY,
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CARD 1

CULUMNS
1-2

CARD 2

CJLUMNS
2=1
8-19
20-63

CARD 3

CULUMNS
6-15

21-30
36-45
51-6C
66-75

CARD &

CJLUMNS
6-15
21-30
36-45
51-60
66-175

CARD 5
CULUMNS
6-15
21-30

36-45

EMU WATER USAGE PROCESSOR

(1BM 7094 AND UNIVAC 1108)

GN-=L INt CARD INPUT

FILE NUMBER

11

CIMMENT CARD

TRACKING STATION I.D. (REQUIRED)
TIME THE DATA WAS READ (HR, MIN, SEC)
ADOIT ICNAL COMMENTS

INPUT PARAMETERS

PLSS PRIMARY OXYGEN SUBSYSTEM

DECAY RATE (LB/HR)

EMU LEAK RATE (LB/HR)

HEAT FROM EQUIMENT OPERATION (BTU/HR)
HEAT FROM ENVIRONMENT

HEAT LEAK FROM SUIT ENVIRCNMENT

INPUT PARAMETERS

HEAT FROM BODY FUNCTIONS (BTU/HR)

SUBL IMATOR LOOP MASS FLOW RATE (LB/HR)
LCG WATER INLET TEMPERATURE (DEG)

LCG WATER OUTLET TEMPERATURE (DEG)

TOTAL WATER TRANSPORT LOOP MASS FLOW RATE
(LB/HR)

INPUT PARAMETERS

EFFICIENCY NUMBER
HEAT GUTPUT FROM THE REACTION OF CARBON
DIOXIDE WITH LITHIUM HYDROXIDE (B8TU/HR)

FEED WATER PRESSURE

NOTE - AODITIONAL CASES CAN Bt RUN BY REPEATING CARDS 2-5. A
BLANK CARD wilLlL TERMINATE THE RUN.



5.6.12 LM DIAGNOSTIC PROGRAM, - THIS PROGRAM WwiLL BE USED TO

ASSIST THF LM SYSTEMS PERSONNEL IN THE REAL-TIME EVALUATICON OF ‘
VFHICLE FAILURS. THE ONLY INPUTS NECESSARY ARE A LIST OF THE
SENSORS WHICH HAVE DETECTED FAILURES. THE CUTPUT WILL BE A
SUMMARY REPORT DESIGNATING THE COMMON FAILURE MCDE OF THE GROUP
NF INPUT PARAMETERS.
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CARD 1

COLUMNS
1-2

CARD 2
COLUMNS
1-6

CARD N
CARD N+l

COLUMNS
1-6

LM DIAGNOSTIC PROGRAM

(UNIVAC 11C8)
FILE NUMBER

12

LIST OF SENSORS (A6)

PARAMETER NUMBER
NTH PARAMETER NUMBER

RETURN TO SYSTEM MCNITCR

999999
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‘ 6. OPERATING INSTRUCTICNS FCR THE RTACF ORBITAL
LIFETIME PRCGRAM

6.1 CENERAL

‘ THIS SECTION PRESENTS THE ON-LINE INPUTS TC THE APOLLO 9
ORBITAL LIFETIME PROGRAM, A BRIEF DISCUSSICN OF THE PURPOSE OF
THE PROGRAM, AND THE TAPE SETUP AND CONTROL CARDS REQUIRED T0
OPERATE THE PROGRAM ON THE IBM 7C94 DATA PRCCESSING SYSTEM,

6.2 PROGRAM DESCRIPTION

THIS PROGRAM WILL BE USED TO COMPUTE THE PREDICTED ORBITAL
LIFETIME OF A SPACE VEHICLE GIVEN A STATE VECTOR, THE AERO-
DYNAMIC CHARACTERISTICS OF THE VEHICLE, AND THE MODEL ATMOSPHERE
TC BE USED.

6.3 TAPE SETUP FDR THE IBM 7CG4 DATA PROCESSING SYSTEM

i ‘ TAPE UNIT TAPE DESCRIFTICN
Al MSFC SYSTEM TAPE
n1 PROGRAM TAPE
A3 OUTPUT TAPE
A4 SCRATCH TAPE
B3 SCRATCH TAPE
B4 SCRATCH TAPE



6.4 INPUTS TO THE ORBITAL LIFETIME PROGRAM

THE INPUTS TO THE ORBITAL LIFETIME PROGRAM ARE GIVEN ON THE
FOLLOWING PAGES.




CARD 1

CARD 2

CARD 3

CARD 4

CARD 5

COLUMNS
2

5

T-12

COLUMNS
13-31

COLUMNS
12-15
17-19
21=25
21-29
31-33
35-39

COLUMNS
12-15
17-19
21-2¢
27-29
31-38
35-39

COLUMNS
1-10
11-20
21-30

ORBITAL LIFETIME PROGRAM

(SPECIAL TAPE - IBM 70S64 ONLY)

VECTOR INPUT OPTICN

VECTOR WILL BF IN OCTAL (Il).

VECTOR WILL BE IN DECIMAL (I1l).
UNITS OF THE VECTOR (ER, ER/HR) (I1)
UNITS OF THE VECTOR (FT, FT/SEC) (I1)
ATMOSPHERE OPTICN ~ FORMAT (A6)

SPECUS SPECTAL 1662 L.S. STANDARD
ATMOSPHERE

ARDC 1959 ARDC ATMCSPHERE

USSTD 1962 U.S. STANDARD ATMOSPHERE
POE POE ATMOSPHERE

SMALL He. SMALL ATMCSPHERE

SPECAR SPECIAL 1559 ARDC ATMOSPHERE

O = O

VECTOR IDENTIFICATICN

THREE SIX-CHARACTER WORDS (A18)

LIFT-0FF TIME (G.M.T,)

HOURS (E3)
MINUTES (E3)
SECONDS (E4)
MONTH (E3)
DAY (E2)
YEAR (ES)

VECTOR TIME {(G.M,T,)

HOURS (E4) (MUST BE LESS THAN 24)
MINUTES (E3)

SECONDS (E4)

MONTH (E3)

DAY (E2) (MUST BE ACTUAL DAY OF VECTOR)
YEAR (ES)

VEHICLE WEIGHT (LB)
VEHICLE REFERENCE AREA (SQ FT)

VEHICLE DRAG COEFFICIENT IF NOT EQUAL TO

+2.0



CARD 6

COLUMNS
1-4
5-7
8-10

CARD 7

COLUMNS
12-31
33-52
54-13

CARD 8

COLUMNS
12-31
13-52
54-73

OCTAL VECTOR OPTION

CARD 7

COLUMNS
12-23
25=-36
38-51

CARD 8

COLUMNS
12-23
25=36
38-51

STOP TIME FOR DENSITY K-FACTORY COM-
(GeEaTede
CARD IF NO DENSITY K-FACTOR IS TO BE

PUTATION (HR,4MIN,SEC)
COMPUTED.

HOURS (F5)

MINUTES (F3)

SECONDS (F3)
POSITICN COORDINATES
X (E2C)

Y (£20)

Z (£E20)

VELOCITY COORDINATES
XDOT (E20)

YOOT (E20)
D07 (E20)

POSITICN COORDINATES

X (Cl2)
Y (012)
Z (C12)

VELOCITY COORDINATES
XDOT (C12)

YDOT (C12)
ZD0T (4012)

USE BLANK




7. OPERATING INSTRUCTIONS FOR THE APOLLO REAL-TIME RENDEZVOUS
SUPPORT (ARRS) PROGRAM (MONSTER)

T.1 GENERAL

THIS SECTION PRESENTS A DESCRIPTICN CF THE ARRS PROGRAM, THE
TAPE SETUP ANC CONTROL CARDS REQUIRED TG OPERATE THE ARRS AS AN
CN-LINE PONGRAM ON THE UNIVAC 11C8 DATA PRCCESSING SYSTEMS,.

7.2 PROGRAM DESCRIPTION

ARRS IS COMPOSED OF A NUMBER OF PROCESSORS AND ROUTINES
REQUIRED TO SUPPORT A RENDEZVOUS MISSICON, THOSE WHICH WILL
BE CF CCNCERN T0O THE APOLLO 9 MISSION ARE DESCRIBED BELOW.

THE GENERAL PURPOSE MANEUVER PRCCESSOR (GPMP) IS USED
TO COMPUTE IMPULSIVE MANEUVERS AT A SPECIFIED POINT IN
AN ORBIT TO ACHIEVE DESIRED ORBITAL CCNDITIONS.

THE TWO-IMPULSE AND TERMINAL PHASE PROCESSOR COMPUTES
A SET OF TWO MANEUVERS BY SPECIFYING WHEN THEY SHOULD
BE PERFORMED AND BY SPECIFYING THE CONDITION, SUCH AS
PHASE AND HEIGHT OFFSETS, AFTER THE FINAL MANEUVER POINT.

THE MISSION PLAN TABLE (MPT) PROCESSOR ACCEPTS VECTORS
BEFORE AND AFTER IMPULSIVE MANEUVERS AND COMPUTES THE
REQUIRED FINITE BURN QUANTITIES NECESSARY TO ACHIEVE
THE ORBIT AFTER THE MANEUVER.

THE RELATIVE PRINT ROUTINE CCMPUTES RELATIVE QUANTITIES,
SUCH AS RANGE RANGE RATE, AND LOOK ANGLES, BETWEEN
TWO ORBITING VEHICLES.,

THE TRACKING ROUTINE COMPUTES THE TRACKING STATION
COVERAGE OF A VEHICLE FROM THE INITIAL VECTOR THROUGH
ALL THE MANEUVERS IN THE MISSIGN PLAN TABLE,

THE CONCENTRIC RENDEZVCUS PROCESSCOR CCMPUTES A
RENDEZVOUS PLAN BY USING CONCENTRIC FLIGHT PLAN LOGIC.
THIS PROCESSOR MAY BE USED TO CCMPUTE THE SECOND
MANEUVER OF THE TWO IMPULSE RENDEZVOUS PLAN AFTER

THE FIRST MANEUVER HAS BEEN EXECUTED BY THE SPACECRAFT,
A CAPABILITY NON-EXISTENT IN THE TwO-IMPULSE AND
TERMINAL PHASE PROCESSOR,

THE CCONVERSION ROUTINE CONVERTS VECTORS FROM ONE

COORDINATE SYSTEM TO A NUMBER OF OTHER COORDINATE
SYSTEMS,



THE ORBIT DIGITALS ROUTINE QUTPUTS ORBITAL PARAMETERS
ASSOCIATED WITH A GIVEN VECTOR AT TWO INDEPENDENT

TIMES,

DAYLIGHT/DARKNESS PROCESSORS, WHICH WAS DESIGNED TO
COMPUTE A TABLE OF LIGHTING CONDITICNS ASSOCIATED

WITH A GIVEN ORBIT.

7.3 TAPE SETUP FOR THE UNIVAC 1108 PRCCESSING SYSTEM

TAPE UNIT
A

1
K
L

TAPE DESCRIPTIGN
ARRS PROGRAM TAPE
EPHEMERIS TAPE
SCRATCH TAPE
DATA TAPE

7.4 CONTROL CARD LISTING FOR THE UNIVAC 1108 DATA PROCESSING

SYSTEM

COLUMN 1@ 4 8
MSG
ASG A= XXXX
ASG 1= $EPHEM
ASG K= XXXX
ASG L= XXXX
XQT CUR

TRW AsIlsL oK

IN A

N XQT ARRS

EOF

COMMENTS

ARRS PROGRAM (PCF) TAPE
EPHEMERIS TAPE UNIT
OUTPUT UNIT FOR MPT TABLE
MISSICN CATA TAPE

EXECUTE THE FOLLOWING
INSTRUCTICNS

REWIND A,I,Ly AND K

INPUT THE ENTIRE USER PCF
FROM UNIT A

EXECUTE ARRS PROGRAM
ARRS DATA CARDS

END OF FILE

7.5 INPUTS TO THE ARRS PROGRAM

THE INPUTS FOR THIS PROGRAM WERE NOT AVAILABLE AT THE
TIME OF THIS WRITING AND WILL BE PUBLISHED AT A LATER DATE.




Be OPERATING INSTRUCTION FOR THE APOLLC BLOCK CATA PROGRAM

8.1 GENERAL

THIS SECTION PRESENTS A BRIEF DESCRIPTICN CF PROGRAM, THE
TAPE SETUP AND THE CONTROL CARD LISTING REQUIRED FOR OPERATING
THE PROGRAM ON THE UNIVAC 11C8 DATA PROCESSING SYSTEM, THE ON=-
LINE INPUTS ANC DETAILED DISCUSSION OF THIS PROGRAM ARE AVAILA-
BLE IN THE APOLLO BRLOCK CATA PROGRAM LSER'S MANUAL
(REFERENCE 3,4).

Re.2 PROGRAM DESCRIPTION

THE APOLLO FELOCK DATA PROGRAM (ABDP) HAS THE CAPABILITY OF
PERFORMING FOUR BASIC SIMULATIONS. ORBIT PRAPOGATION, ORBIT MA-
MEUVERS, DEORBIT MANEUVERS AND ATMOSPHERIC ENTRY, DATA FOR DIF-
FERENT TYPES OF DEORBITS WILL BE COMPUTED BRY THKE ABRDP FOR EACH
REVOLUTION DURING THE EARTH ORBITAL PORTIONS OF MANNED APOLLO
MISSIONS. THESE DATA WILL BE MADE AVAILABLE TC THE FLIGHT CREW
IN BLOCKS OF SIX REVOLUTIONS AND WILL BE USFD TC DEORBIT THE
SPACECRAFT IN THE EVENT OF A CONTINGENCY WHICH NECESSITATES
RAPID MISSION TERMINATION,

8«3 TAPE SETUP FOR THE UNIVAC 1108 DATA PRCCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTION
C OFF-LINE OUTPUT TAPE
D SCRATCH TAPE
H DATA TAPE (OPTIONAL)
J SCRATCH TAPE
X ABDP PROGRAM (PCF) TAPE



8.4 CONTROL CARD LISTING FOR THE UNIVAC 11C8 DATA PROCESSING

SYSTEM

COLUMN 1 4
MSG
ASG
ASG
ASG

XoT

8.5 INPUTS
THE INPUTS TO

CeDyd
X XX X
XXX X

CUR

TRW X
IN X

TRI X

CUR

DATA

CCMMENTS

SCRATCH UNITS ON FASTRAND
DATA TAPE NUMBER

ACBP PROGRAM (PCF) TAPE
NUMBER

EXECUTE THE FOLLOWING
INSTRUCTICNS

REWINC TAPE X

INPUT THE ENTIRE USER PCF
FROM UNIT X

REWIND TAPE X WITH
INTERLOCK

EXECLTE ABDP

ABDP DATA CARDS

LAST CARD OF ABDP
DATA CARDS
END CF FILE CARD

TO THE APOLLO BLOCK DATA PROGRAM
THE APOLLO BLOCK DATA PROGRAM ARE PRESENTED
IN THE APOLLO BLOCK DATA PROGRAM USER'S MANUAL
(REFERENCE 344).




S« OPERATING INSTRUCTIONS FOR RTACF APOLLC REFERENCE MISSION
PROGRAM (ARMACR) PROCESSOR

9.1 GENERAL

THIS SECTION PRESENTS THE TAPE SETUP AND THE CCNTROL CARDS
RECUIRED TO OPERATE THE ARMACR PROCE SSORS CN THE UNIVAC 1108
CCMPUTER, ALONG WITH THE ON-LINE INPUTS REQUIRED FOR THEIR
OPERATION. THE ARMACR PROGRAM IS DESCRIBED IN DETAIL IN
REFERENCE 5,

9.2 TAPE SETUP FOR THE UNIVAC 1108 DATA FRCCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTION
1 EPHEMERIS TAPE UNIT
R ARMACR PROGRAM (PCF) TAPE
u MISSION DATA TAPE
Q QUTPUT UNIT FOR EPHEMERIS

GENERATOR

9-1



9.3 CONTROL CARD LISTING AND ON-LINE DECK SETUP FOR THE UNI-
VAC 1108 DATA PROCESSING SYSTEM

COLUMN 1 4 8

* MSG CCMMENTS
ASG I = $SEPHEM EPHEMERIS TAPE UNIT
ASG R = XXXX ARMACR PROGRAM (PCF) TAPE
' NUMBER
ASG U = XXXX MISSICN CATA TAPE NUMBER
ASG Q = SCRATCH OR OUTPUT UNIT FOR EPHEMERIS
SAVE GENERATOR. NOT NECESSARY
IF NO EPHEMERIS IS DESIRED
XQT CUR EXECUTE THc FOLLOWING .
INSTUCTICNS
TRW R REWIND UNIT R
IN R INPUT THE ENTIRE USER PCF .
FRCM UNIT R
TRI R REWIND UNIT R WITH
INTERLOCK
N XQT ARMACR EXECUTE ARMACR PROGRAM
PHASE (MyN,O,P) M IS THE PHASE NUMBER

N IS THE PHASE TYPE
N IS THE DATA UPDATE

NUMBER
P IS THE FILE NUMBER OF
THE DATA TAPE
. ARMACR UPLCATES FOR PHASE 1 ‘
CCLUMN 1
PHASFE (M,N)
. ARMACR UPCATES FOR PHASE M
ENDRUN LAST CARD IN THE ARMACR

PHASE UPCATES

INPUT OCTAL VECTOR FROM

e o o o

1CC4 -
INPUT REFSMMAT FROM 1004
EOF END OF FILE CARD

#INDICATES 7/8 OVERPUNCH IN COLUMN 1




9.4 THE ARMACR PROCESSORS

THIS SECTION PRESENTS A BRIEF DESCRIPTICN CF THE ARMACR PRO-
CESSORS AND THE ON-LINE INPUTS REQUIRED TN OPERATE EACH PROCESSOR
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9«41 CSM EXTERNAL DELTA Vv MANFUVER PROCESSOR. - THIS PROCES-
SOR WILL BE USED TO SIMULATE ANY SPS OR RCS MANEUVER FOR WHICH
THE BURN QUANITIES HAVE PREVIOUSLY BEEN DETERMIN=D.
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EXTERNAL DELTA V MANEUVER PROCESSCR

(FILE 2, UNIVAC 11C8)

A. STANDARD ARMACR INPUT QUANTITIES FOR THE EXTERNAL DELTA Vv
MANEUVER PROCESSOR ARE LISTED BELOW

PHASE (1,043,2) = EXTERNAL DELTA V MANEUVER FILE, INITIAL
COAST PHASE

IVECT I OCTAL VECTOR INPUT FLAG
=0 OCTAL VECTOR WILL NOT BE INPUT
=1 ONE OCTAL VECTOR IN BESSELIAN
COORDINATES
=2 TWO OCTAL VECTORS IN BESSELIAN
COORDINATES

IREFM 1 INPUT REFSMMAT FLAG
=C REFSMMAT WILL NCT BE INPUT
=1 ONE REFSMMAT WILL BE INPUT
=2 TWO REFSMMATS WILL BE INPUT

CCRAG] (FP) COEFFICIENT OF DRAG {SET 2.0 CN
TAPE)
AREA (FP) VEHICLE REFERENCE ARZA (SET TO 239.9 |
ON TAPE) |
|
GETERS (FP) TIME OF RCR IGNITION IN HR,MIN,SEC |
(GeEeTe) |

PHASE (2+42) = PRECOMPUTE PHASE

G0o2 1 EXTERNAL DELTA v FLAG (SET TO 2 ON.
TAPE)
=2 INPUT P-30°'S IN LVLH
=3 INPUT P-40°'S IN LVLH
=4 INPUT VELOCITY INCREMENT IN ECI

OR MCI
=5 INPUT VELOCITY TO-BE-GAINED ECI
OR MCI
GCO6 I NUMBER OF RCS JETS CURING ULLAGE (SET
YO0 4 ON TAPE)
GN25 (FpP) NUMBER OF SECONDS OF RCS ULLAGE MINUS
RCS ULLAGE CVERLAP TIME (SET TO 14.
GN TAPE)
G037 (FP) EXTERNAL DELTA V TARGET INPUTS, DELTA
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SPSIGN
DVRES

GARES

PHASE (3,2) =

IDIR

PHASE (4,1) =

ITYPE

IRCS

TTRHRS

PHASE (5,2)

PHASE (6,2)

PHASE (7,1)

PHASE (8,2)

ENDRUN

VX, DELTA VY, DELTA VZ, RESPECTIVELY

(FP) TIME OF SPS IGNITION IN HR,MIN,SEC,
(G.E.T.,
(FP) DELTA V RESIDUALS
(FP) GIMBAL ANGLES AT WHICH RESIDUALS ARE
: READ
ATTITUDE ORIENTATION/IMU ALIGNMENT PHASE
1 Z-AXIS DIRFECTICN (PRESET TO -1 IN
PROGRAM)
==1 Z-~AXIS DOWN AND ASTRONAUT!'S
HEADS UP
= 0 Z-AXIS UP AND ASTRONAUT®'S HEADS
DOWN
RCS ULLAGE
I OPEN LOOP GUIDANCE (SET TO 11 ON
TAPE)
=C FOR NO RCS ULLAGE
=11 FOR RCS ULLAGE
I NUMBER OF QUADS FGCR RCS ULLAGE (SET
TO 3 ON TAPE)
=1 RCS JETS IN QUACS A AND C ARE ON
=2 RCS JETS IN QUADS B AND D ARE ON
=3 RCS JETS IN QUADS A,8,C AND D
ARE ON
(FP) RCS ULLAGE MINUS RCS ULLAGE OVERLAP [N

HRyMIN,SEC (SET TC Cey0esl4e CN TAPE)

SPS BUILDUP PLUS STEADY STATE

SPS TAILOFF

COAST AFTFR SPS MANEUVER

COAST T0O

RUN TERMINATICN

INPUT OCTAL VECTOR FROM 1004

INPUT REFSMMAT FROM 1CC4

EOF

END OF FILE CARD
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Be IF THE MANEUVER IS PERFORMED WITHOUT AN ULLAGE, INPUT THE
FOLLOWING ADDITIUNAL QUANTITIES

PHASE (1+40+242) = EXTERNAL DELTA V MANEUVER FILE, INITIAL
COAST PHASE

GETHRS (FP) TIME QOF -SPS IGNITICN IN HR4MIN,SEC
(GeEaTo )

PHASE (2,2) PRECOMPUTE PHASE

GO 06 2 NUMBER OF RCS JETS DURING ULLAGE

G025 O. NUMBER OF SECCNDS OF RCS UJLLAGE

PHASE (441) RCS ULLAGE PHASE

ITYPE 0 NO RCS ULLAGE
TTRHRS (FP) RCS ULLAGE PHASE ELAPSE TIME IN HR,
MINySEC (SET TO 0. +Cs40.)

C. IF THE MANEUVER IS PERFORMED WITH THE SM RCS THRUSTERS,
INPUT THE FOLLOWING QUANTITIES

PHASE (242) = PRECCMPUTE PHASE

G0CS 0 PERFORM RCS SHORT BURN TEST

GI06 0 NUMBER OF RCS JETS USED DURING ULLAGE

G023 (FP) CNBOARD VALLE CF RCS THRUST
(100 LBS/JET)

G025 0. NUMBER OF SECONDS OF RCS ULLAGE

G041 o. ONBOARD VALUE OF SPS TAILOFF

SPSIGN {FP) IIMg gF’SPS IGNITION IN HR,MIN,SEC
GsEaT,

PHASE (3,42) = ATTITUDE ORIENTATION/IMU ALIGNMENT PHASE

ENDFP1 BCD SET TO °*DELETE®* TO CANCEL PITCH TRIM
TABLE

ENDFY1 8CD SET TO °*DELETE® TO CANCEL YAW TRIM
TABLE

PHASE (441) = RCS ULLAGE

ITYPE 0 NO RCS THRUST
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TTRHRS (FP) PHASE ELAPSF TIME IN HRyMIN,SEC
(SET TO 0e9CerCe)

PHASF (5,2) = SPS BUILDUP PLUS STEADY STATE

GC24 (FP) ONBOARD VALUE OF RCS ISP

ENDFP1 BCD SET TO '*DELETE® TO CANCEL PITCH TRIM
TABLE

ENDFY1 RCC SET TO 'DELETE' TC CANCEL YAW TRIM
TABLE

TTABLE (FP) TOTAL RCS THRUST

WRTABL (FP) TOTAL WEIGHT FLCW

PHASE {642) = SPS TAILOFF
ITYPE 0 NO SPS TAILOFF THRLST

TTRHRS (FP) PHASE ELAPSE TINME IN HRyMIN,SEC
(SET TO QOe9ferCe)
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9.4+”? LM EXTERNAL DELTA Vv MANEUVER PROCESSOR., — THIS PROCES-
SOR WILL BE USED TO SIMULATE ANY DPS, APS, CR RCS MANEUVER FOR
WHICH THE BURN QUANITIES HAVE PREVIOUSLY BEEN DETERMINED.




A,

LM EXTERNAL DELTA V MANEUVER PROCESSOR

(FILE 6+ UNIVAC 1108)

STANDARD ARMACR INPUT QUANTITIES FOR THE EXTERNAL DELTA Vv
MANEUVER PROCESSOR ARE LISTED BELOW

PHASE (1,09342) = EXTERNAL DELTA V MANEUVER FILEs INITIAL

IVECT

IREFM

NV

CDRAG2

AREA(2)

GETHRS

PHASE (2,2)

GC02

G006

G025

COAST PHASE

I OCTAL VECTOR INPUT FLAG
=0 OCTAL VECTOR WILL NOT BE INPUT
=1 ONE OCTAL VECTOR IN BESSELIAN
COORDINATES
=2 TWO OCTAL VECTORS IN BESSELIAN
COORDINATES

I INPUT REFSMMAT FLAG
=0 REFSMMAT WILL NCT BE INPUT
=1 GNE REFSMMAT WILL BE INPUT
=2 TWO REFSMMATS WILL BE INPUT

I NUMBER OF VEHICLES (SET 7O 2.0 ON

TAPE

(FP) COEFFICIENT OF CRAG (SET 2.0 CN
TAPE)

(FP) VEHICLE REFERENCE ARZA (SET TO 129.4
ON TAPE)

(FP) TIME OF RCR IGNITICON IN HRsMIN,SEC
(GeEWTs)

= PRECOMPUTE PHASE

I EXTERNAL DELTA V FLAG (SET TC 2 ON.
TAPE)
=2 INPUT P-30°'S IN LVLH
=3 INPUT P=40°'S IN LVLH
=4 INPUT VELOCITY INCREMENT IN ECI

OR MCI
=5 INPUT VELOCITY TN-BE-GAINED ECI!
OR MCI
I NUMBER OF RCS JETS DURING ULLAGE (SET
TO 4 ON TAPE)
AFP) NUMBER OF SECCNDS OF RCS ULLAGE MINUS
RCS ULLAGE OVERLAP TIME (SET TO 14.
CN TAPE)
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GO37 (FP) EXTERNAL DELTA V TARGET INPUTS. DELTA
VX, DELTA VY, DELTA vZ, RESPECTIVELY

SPSIGN (FP) TIME OF SPS IGNITION IN HRyMIN,SEC,
(G.E.T.,

DVRES (FP) DELTA VvV RESIDUALS

GARES (FP) GIMBAL ANGLES AT WHICH RESIDUALS ARE

READ (PITCH,YAW,ROLL)

PHASE (3,2) = ATTITUDF ORIENTATION/IMU ALIGNMENT PHASE

IDIR I I-AXIS DIRECTICN (PRESET TO -1 IN
PROGRAM)
==1 2Z-AXIS DOWN ANC ASTRONAUT'S
FACE UP
= 0 2-AXIS UP AND ASTRONAUT'S FACE
DAOWN

PHASE (4,1) = RCS ULLAGE

ITYPE 1 OPEN LOOP GUIDANCE (SET 7O 11 ON
TAPE)
=0 FOR NO RCS ULLAGE
=11 FOR RCS ULLAGE

IRCS I NUMBER OF QUADS FOR RCS ULLAGE (SET
TC 3 ON TAPE)
=1 RCS JETS IN QUADS A AND C ARE ON
=2 RCS JETS IN QUADS B AND D ARE ON
=3 RCS JETS IN QUACS A4B,C AND D
ARE ON

TTRHRS (FP) RCS ULLAGE MINUS RCS ULLAGE OVERLAP IN
HRyMINySEC (SET TO Oes0es14. ON TAPE)

PHASE (5+2) DPS BUILDUP PLUS STEADY STATE

PHASE (6.,2) DPS TAILOFF

PHASF (T7,1) COAST AFTER SPS MANEUVER

PHASE (8,2)

COAST TO RUN TERMINATICA

PHASE (9,2) COAST AFTER LM MANEUVER
PHASE (1G,2) = COAST AFTER LM MANEUVER
ENCRUN

INPUT OCTAL VECTOR FRCM 1004




INPUT REFSMMAT FROM 1004

EOF END OF FILE CARD

Be IF THE MANEUVER IS PERFORMED WITHCUT AN ULLAGE, INPUT THE
FOLLOWING ADDITIONAL QUANTITIES

PHASF (1+40+342) = EXTERNAL DELTA V MANEUVER FILE, INITIAL
COAST PHASE

GETERS (FP) TIME OF DPS IGNITION IN HR,MIN,SEC
(GeE.T.)

PHASE (2,2) PRECOMPUTE PHASE

G006 0. NUMBER OF RCS JETS DURING ULLAGE
60?5 Q. NUMBER OF SECCNDS CF RCS ULLAGE

PHASE (4+1) RCS ULLAGE PHASE

ITYPE 0. NO RCS ULLAGE

TTRHRS (FP) RCS ULLAGE PHASE ELAPSE TIME IN HR,
MIN+SEC (SET TO 0Oe 9Ce+0.)

Ce IF THE MANEUVER IS PERFORMED WITH THE SM RCS THRUSTERS,
INPUT THE FOLLOWING QUANTITIES

PHASE (2,2) = PRECOMPUTE PHASE

G005 0. PERFORM RCS SHORT BURN TEST

GCGé6 0. NUMBER OF RCS JETS USED DURING ULLAGE

GC23 (FP) ONBOARD VALUE OF RCS THRUST
(100 LBS/JET)

(025 0. NUMBER OF SECCNDS OF RCS ULLAGE

G041 O ONBOARD VALUE OF SPS TAILOFF

SPSIGN (FP) IIME OF SPS IGNITICON IN HR,MIN,SEC
GeEoTe)

PHASE (3,2) = ATTITUDE ORIENTATION/IMU ALIGNMENT PHASE

ENDFP1 8CD SET TO °'DELETE' TC CANCEL PITCH TRIM
TABLE

ENDFY1 BCD SET YO *'DELETE®' TO CANCEL YAW TRIM
TABLE
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PHASE (4,1) = RCS ULLAGE
ITYPE 0. NC RCS THRLST

TTRHRS (FP) PHASE ELAPSE TIME IN HR,MIN,SEC
(SET TO Oe9Ces0s)

PHASE (5,2) = SPS BUILDUP PLUS STEADY STATE

G024 (FP) CNBOARD VALUE QF RCS ISP

ENDFP1 ACD SET TO *DELETE® VYO CANCEL PITCH TRIM
TABLE

ENDFY1 BCD SET TO 'DELETE' TC CANCEL YAW TRIM
TABLE

TTABLE (FP) TOTAL RCS THRLST

WRTABL (FP) TCTAL WEIGHT FLCW

PHASFE (6,2) = SPS TAILOFF
ITYPE 0. NO SPS TAILOFF THRLUST

TTRHRS (FP) PHASE ELAPSE TIME IN HR,MIN,SEC
(SET T0O 0440.+04)







S.4.,3 GENERAL MANEUVER PROCESSOR
DATA NOT AVAILABLE AT THIS TIME
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94,4 MANEUVER EVALUATICN PROCESSOR. — THE ARMACR MANEUVER ‘
EVALUATION PROCESSOR COASTS A PRE-BURN VECTCR TO THE IMPULSIVE

MANEUVER TIME. THE 200/WORD RECORD IS WRITTEN AND IS USED BY
THE MONSTER MPT PROCESSOR TO CALCULATE THE P30 DELTA V BURNED
DURING THE MANEUVER.




MANEUVER EVALUATION FILE

{FILE 1,

UNIVAC 1108)

PHASE (1+0+341) = MANEUVER EVALUATICN, PREBURN COAST PHASE

| GETHRS

‘ ‘ *IVECT

PHASE (242)
GETHRS
*NY
*IVECT
*DIREC

*TINTFC

*TOTOLP

‘ *HARS(142) BCD
PHASE (3,2)

*NTAPE
*DIREC

PHASE (4,2)

(FP)

1

COAST TO
(FP)

2

1

-lo

1

-170

G.E.T. OF THE POST BURN VECTOR TIME

INPUT VECTOR FOR CSM VEHICLE }
IMPULSTVE MANEUVER FOINT ‘
GeE.T. OF IMPULSIVE MANEUVER TIME

TWO VEHICLES

INPUT VECTOR FOR S-IVB (LM) VEHICLE

COAST BACKWARD

WRITE 200-WORD RECQRD

SUPPRESS PRINT GROUPS 1-17

MANEUVER I.C.

THIRD COASY PHASE

0

1.

TERMINATE PRINT

COAST FORWARD

FOURTH COAST PHASE

PHASE (7,2 = SEVENTH COAST PHASE
ENDRUN
. INPUT PREBURN OCTAL VECTOR FRCM 1004

'Il INPUT
EOF

POSTBURN QCTAL VECTOR FRCM 10C4

END OF FILE

*INDICATES THESE VALUES ARE PRESET IN THE MANEUVER EVALUATION

DECK.
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9.4.5 CONTINGENCY LANDING AREA (CLA) PROCESSCR. = THIS PRO-
CESSOR WILL BE USED TO DETERMINE THE ORBIT MANEUVER IGNITION
TIME REQUIRED TO ACHIEVE A TARGET LONGITUDE WHICH IS NORMALLY
LOCATED IN A CONTINGENCY LANDING AREA.
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CONTINGENCY LANDING AREA PROCESSOR

(FILE 7,

UNIVAC 1108)

A. STANDARD ARMACR INPUT QUANTITIES ARE LISTED BELOW

PHASE (1,0,2) = CLA FILE,y INITIAL COAST PHASE

IVECT

IREFM

PHASF (2,2)
PHASE (3,2)
PHASE (4,2)
PHASE (5,2)
PHASE (6,42)
PHASE (7,2)
PHASE (8,42)
*L00oP

*SELMAT

*INDEPV

i+
]
m
b
«<

TARGETY

GETHRS

PHASE (9,2)
TTRHRS

I

I

COAST TO

OCTAL VECTOR TNPUT FLAG

0 OCTAL VECTOR WILL NOT BE INPUT

1 ONE OCTAL VECTOR IN BESSELIAN
COORDINATES

2 TWO OCTAL VECTORS IN BESSELIAN
COORDINATES

n

INPUT REF SMMAT FLAG

= 0 REFSMMAT W NOT BE INPUT

= 1 ONE REFSMMAT WILL BE INPUT
= 2 TWO REFSMMAT WILL BE INPUT

SPS IGNITION

COAST BACK TO RCS ULLAGE

RCS ULLAGE

SPS BUILDUP PLUS STEADY STATE

SPS TAILOFF

COAST AFTER SPS CUTOFF

COAST TO
1

2

(FP)

(FP)

SPS IGNITICN
ITERATION LOCP NUMBER

MAX NUMBER CF PARTIAL DERIVATIVE
MATRICES TO BE COMPUTED

INDEPENDENT VARIABLE IN ITERATION
LOOP (GETHRS, PHASE 8)

DEPENDENT VARIABLE IN ITERATICN
LOOP (LONGITUDE. PHASE 17)

LONGITUDE TARGET

TIME OF SPS IGNITION IN HRS,MIN,SEC
(GeEoTo)

COAST BACK TO RCS ULLAGE

(FP)

ULLAGE TIME-1SEC (-SEC)
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ROLLY

ATYPE

IPTYPE

G012

G057
PHASE (10,2)

IRCS

TTRHRS

PHASE (1142)
TXMTOV
PHASE (12,2)
PHASE (13,2)
PHASE (14,2)
PHASE (15,42)
PHASE (1642)

BKANG

GLEVEL

IMASS
PHASE (17,2)

FMLT

(FP)

3
10

(FP)

(FP)

(FP)

COAST

COAST

COAST

COAST

(FP)

(FP)

(FP)

COASY

(FP)

CSM ATTITUDES

ATTITUDE OPTION

3 LVLH ATTITUDES
10 GIMBAL ANGLES
14 HORIZON MCNITOR

REALIGN IMU (SET CNLY IF REFSMMAT
IS CCMPUTED)

REALIGN IMU TO ATTAIN GIMBAL ANGLES
IN GO5T7 (SET CNLY IF REFSMMAT IS
COGMPUTED)

PITCH, YAW, RCLLy GIMBAL ANGLES

RCS ULLAGE

NUMBER OF JETS FOR RCS ULLAGE (SET

TGO 3 ON TAPE)

1 RCS JETS IN QUADS A AND C ARE ON

2 RCS JETS IN QUADS B AND D ARE ON

3 RCS JETS IN QUADS A, By C AND D
ARE ON

RCS ULLAGE MINLS OVERLAP IN HR, MIN,
SEC (SET TO O.+0.9+14. ON TAPE)

SPS BUILDUP PLUS STEADY STATE

TOTAL DELT V GAINED

SPS TAILOFF
AFTER SPS CUTOFF
TO 425K

TO 400K

XG*S

BANK ANGLE FLOW TO SPECIFIED G-LEVEL
(SET TO O ON TAPE)

G-LEVEL TERMINATION (SET YO .2 ON
TAPE)

ENTRY WEIGHT

T0 23.3K

ENTRY LIFT MULTIPLIER (SET TO .57358
ON TAPE)
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Bs IF A FIXED TIME RCS SEPARATION OR MANEUVER IS REQUI&EDv
SET IN AODITION THE FOLLOWING INDICES

PHASE (242) = COAST TO SPS IGNITICN

NTAPE 6

I GETHRS ~ (FP)

PRINT THE FCLLOWING PHASES

TIME OF RCS IGNITICN IN HRy, MIN, SEC
(GeEoT.)

PHASE (442) = RCS ULLAGE

! IRCS I
XMTDV (FP)
ROLL1 (FP)
ATYPE I
IMASS (FP)

NUMBER OF JETS FOR RCS ULLAGE (SET

TO 3 ON TAPE)

= 1 RCS JETS IN QUACS A AND C ARE ON

= 2 RCS JETS IN QUADS B AND D ARE ON

= 3 RCS JETS IN QUADS A, B, C AND D
ARE ON

TOTAL DELTA VvV FOR THE PHASE
CSM ATTITUDES

ATTITUDE OPTION

3 LVLH ATTITUDES

10 GIMBAL ANGLES
14 HORIZCN MCNITOR

ENTRY WEIGHT

Co IF A FIXED TIME SPS SEPARATION OR MANEUVER I§ REQUIRED,
SET IN ADDITION THE FOLLOWING INDICES

PHASE (2+2) = COAST TO SPS IGNITION

NTAPE 6

GETHRS (FpP)

PRINT THE FCLLOWING PHASES

TIME OF SPS IGNITICN IN HRS,MIN,SEC
(GeE.Te )

PHASE (3,2) = COAST BACK TO RCS ULLAGE

‘ TTRHRS (FP)

ROLL1 (FpP)

ATYPE I

ULLAGE TIME-1SEC {-SEC!
CSM ATTITUDES

ATTITUDE OPTION

3 LVLH ATTITUDES
10 GIMBAL ANGLES
14 HORIZON MCNITOR

Hnn
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IMASS (FP) ENTRY WEIGHT

PHASE (4,2) = RCS ULLAGE

IRCS I NUMBER OF JETS FOR RCS ULLAGE (SET
TO 3 ON TAPE)
= 1 RCS JETS.IN QUADS A AND C ARE ON
2 RCS JETS IN QUADS B AND D ARE ON
3 RCS JETS IN QUADS A, By C AND D
ARE ON

Won N

TTRHRS (FP) RCS ULLAGE MINLS OVERLAP IN HR, MIN,
SEC (SET T0O 0. +0.914. ON TAPE)

PHASE (5,2) = SPS BUILDUP PLUS STEADY STATE
XMT OV (FP) TOTAL DELTA V FCR THE PHASE
TSTOP 0 THIS ALLOWS A DELTA V TERMINATION
PHASE (642) = SPS TAILOFF
TTRHRS (FP) TAILOFF DELTA T
IF A FIXED DELTA T RCS SEPARATION OR MANEUVER IS REQUIRED»
SET IN ACDITION THE FOLLOWING INDICES

PHASE (2,42) = COAST TO SPS IGNTIIGON

*L00P 1 ITERATION LOGP NUMBER

*SEL MAT . MAX NUMBER OF PARTIAL DERIVATIVE
MATRICES YO BE COMPUTED

*INDEPV INDEPENDENT VARIABLE IN ITERATION
LOOP (GETHRS, PHASE 2)

*DEPV DEPENDENT VARIABLE IN ITERATION
LOOP (LONGITUDE, PHASE 17)

TARGET (FP) LONGITUDE TARGET

GETHRS (FP) TIME OF SPS IGNITION IN HRSsMIN,SEC
(GeEoTe)

PHASE (4+¢2) = RCS ULLAGE

IRCS I NUMBER OF JETS FOR RCS ULLAGE (SET
TO 3 ON TAPE)
= 1 RCS JETS IN QUADS A AND C ARE ON
2 RCS JETS IN QUADS B AND D ARE ON
3 RCS JETS IN QUADS A, By C AND D
ARE ON
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XMT DOV
ROLL1

ATYPE

IMASS
PHASE (8,2)

*TSTOP

Fe

{FP)

(FP)

(FP)
= COAST TO

21

TOTAL DELTA V FCR THE PHASE
CSM ATTITUDES

ATTITUDE OPTICN

3 LVLH ATTITUDES
10 GIMBAL ANGLES
14 HORIZON MONITOR

wowou

ENTRY WEIGHT
SPS IGNITICN

SET TO TERMINATE CN A TIME (TTF)
AFTER SEP MANEUVER

[F A FIXED DELTA T SPS SEPARATICN OR MANEUVER IS REQUIRED»

SET IN ADDITION THE FOLLOWING INDICES

PHASE (2+2)

*LO0OP

*SELMAT

*INDEPV

*DEPV

TARGET

GFTHRS

PHASE (3,2)

TTRHRS

ROLL1

ATYPE

TMASS

= COAST TN
1

2

(FP)

(FP)

SPS IGNITICN
ITERATICON LOOP NUMBER

MAX NUMBER CF PARTIAL DERIVATIVE
MATRICES TO BE COMPUTED

INDEPENDENT VARIABLE IN ITERATION
LOQP (GETHRS, PHASE 2)

DEPENDENT VARIABLE IN ITERATICN
LOOP (LONGITUDE, PHASE 17)

LONGITUDE TARGET

TIME OF SPS IGNITICN IN HRS,MIN,SEC
(GeEoTe)

= COAST BACK TO RCS ULLAGE

(FP)

-
“n
-
-

(FP)

RCS ULLAGE MINUS OVERLAP IN HR,
SEC (SET TO 0.90.414. ON TAPE)

MIN,

CSM ATTITUDES

ATTITUDE OPTICN

3 LVLH ATTITUDES
10 GIMBAL ANGLES
14 HORIZGON MCNITOR

nown

ENTRY WEIGHT
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PHASE (4,2) = RCS ULLAGE

IRCS I NUMBER OF JETS FOR RCS ULLAGE (SET
TO 3 ON TAPE)
1 RCS JETS IN QUADS A AND C ARE ON
2 RCS JETS IN QUADS B AND D ARE ON
3 RCS JETS 'IN QUADS A, By C AND D
ARE ON

TTHRS (FP) RCS ULLAGE MINUS OVERLAP IN HRyMIN,
SEC (SET TO 0e+0esl4. ON TAPE)

PHASE (5,2) = SPS BUILDUP PLUS STEADY STATE .
XMTOV (FP) TOTAL DELTA V FOR THE PHASE
TSTOP 0 THIS ALLOWS A DELTA v TERMINATION
PHASE (6+2) = SPS TAILOFF

| TTRHRS (FP) TAILOFF DELTA T

*NOTE - THESE CARDS ARE PROVIDED IN THE ON-LINE TRAY.
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9+.4.6 CHECKOUT MONTTOR, CMC, LGC, AGS, AND IU NAVIGATICN uP-
CATES OR LIFTOFF REFSMMAT CAPABILITIES. IF IT IS DESIRED TO PRO-
DUCE A CHECKOUT MONITOR, A CMCs AGS, OR IU NAVIGATION UPDATE OR
LIFTOFF REFSMMAT WITH ANY OF THE ARMACR PROCESSCRS PREVIOUSLY
CESCRIBEDy TFE FOLLOWING ON~LINE INPUTS wILL BE REQUIRED.

A. ACDITIONAL ARMACR INPUT QUANTITIES FOR THE CHECKOUT MONI-
TCR DATA ARE LISTED BELOW

PHASE WHERE CHECKOUT MONITOR IS DESIRED
PHASE (N,M) = ANY PHASE

ICoM I FLAG TO CALL FOR THE CHECKOUT
MONITOR

1 VEHICLE 1

2 VEHICLE 2

3 BOTH VEHICLES

ICOMPR I TIME DURING A PHASE AT WHICH THE
CHECKOUT MONITOR IS DESIRED
= 1 AT THE END OF A PHASE (PRESET
IN PROGRAM TO 1)
2 AT THE BEGIMNING OF A PHASE
3 AT THE BEGINNING AND END OF A
PHASE

W

B. ACDIT IONAL ARMACR INPUT QUANTITIES FOR THE NAVIGATICN
UPDATE CATA ARE LISTED BELOW

PHASE WHERE NAVIGATION UPDATE IS DESIRED
PHASE (M,M) = ANY PHASE

NAVUPD I FLAG TO CALL FOR NAVIGATION UPDATE
DISPLAY

= O NAVIGATICN UPDATE DISPLAY WILL
NOT BE GENERATED

= 1 NAVIGATICN UPDATE DISPLAY WILL
BE GENERATED AT THE TERMINAL
POINT CF EACH PHASE IN WHICH
NAVUPD IS INPUT

= 2 LGC NAVIGATICN UPDATE DISPLAY
WILL BE GENERATED AT THE POINT
OF EACH PHASE IN WHICH NAVUPD
IS INPLUT

= 3 AGS NAVIGATICN UPDATE DISPLAY
WILL BE GENERATED AT THE TER-
MINAL CF EACH PHASE IN wWHICH
NAVUPD IS INPUT
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GETK

TUNAV

DTGRR

PHI

LAMBJA

LAz

(FP)

(FP)

(FP)

(FP)

(FP)

"

4 CSM AND LGC NAVIGATION UPDATE
-DISPLAY WILL BE GENERATED AT
THE TERMINAL POINT OF EACH
PHASE

5 CSM AND AGS NAVIGATION UPDATE
DISPLAY WILL BE GENERATED AT
THE TERMINAL PGINT OF EACH
PHASE

ZERO REFERENCE TIME OF THE AGS
CCMPUTER (HR yMIN, SEC)

IL TELEMETRY UPDATE DISPLAY WILL BE
GENERATED AT THE TERMINAL POINT OF
EACH PHASE IN WHICH IUNAV IS INPUT

GUIDANCE REFERENCE RELEASE IN SEC
(REQUIRED TO COMPUTE IUNAV)

GOED LATITUDE OF LAUNCH PAD (REQUIRED
TC CUMPUTE IUNAV)

LCNGITUDE OF LAUNCH PAD (REQUIRED TO
CCMPUTE [UNAV)

LAUNCH AZIMUTH (REQUIRED TO COMPUTE
IUNAV)

[F VENTINo IS TO BE CONSIDEREDs INCLUDE THE FOLLOWING

QUANTITIES.

ITURN

AT YPE
ITYPE

TC INT

TTASLE

SITABL

11

(FP)

(FP)

(FP)

MAINTAIN THE VEHICLE LVLH ATTITUDE
SPECIFIED IN THE ALIGNMENT OPTION

ALIGN VEHICLE 1 FROM THE LVLH PLANE
CPEN LOOP STEERING

TFRUST PHASE INTEGRATION STEP-SILZE
(SET TO 0.0041666 HRS)

TABULAR VALUES OF VENTING THRUST

CCNSTANT VALUE OF SPECIFIC IMPULSE
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Co THE FOLLOWING ADDITIONAL INPUT QUANTITIES ARE REQUIRED TO
CCMPUTE THE LIFTOFF REFSMMAT THAT WILL RE USED FROM LIFT-
OFF UNTIL THE IMU IS REALIGNED IN CRBIT., THE FOLLOWING
FIGURE IS THE IU PAD ALIGNMENT.

LAUNCH
SITE

CENTER §

EARTH

IMU PAD ALIGNMENT
THE ZIMU~-AXIS IS ALIGNED WITH THE GENCENTRIC RADIUS VECTOR OF
THE LAYNCH SITE, THE XIMU-AXIS IS ALIGNED WITH THE LAUNCH AZI-
MUTH VECTOR, AND THE YIMU-AXIS COMPLETES THE RIGHT-HAND COOR-
DINATE SYSTEM,
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THE LIFTOFF REFSMMAT BASED ON THE IMU ALIGNMENT AT LIFTOFF
WILL BE COMPUTED IN PHASE ONE. THE FOLLOWING ARE REQUIRED.

ATYPE(3) 5 COMPUTE LIFTOFF REFSMMAT

ROLL3 - (FP) IMU ALIGNMENT AT LIFTOFF (SET TO
00 '-900'00’

LAZ (FP) FLIGHT AZIMUTH
GETVEC (FP) TIME OF LIFTOFF IN HR,MIN,SEC
(GeEoTe) R
HRS (FP) HOUR OF LIFTOFF (G.M.Ts)
MINS (FP) MINUTES OF LIFTOFF (GeMeTe)
SECS (FP) SECONDS OF LIFTOFF (GeMaTe) 4
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9.4.7 IU TELEMETRY VECTOR CONVERSICN PRCCESSORe. = THIS PRO~-
CESSOR WILL CONVERT AN INPUT VECTOR IN IU TELEMETRY PLATFORM
COORDINATES TO ECI BESSELIAN COORDINATES EITHER AT THE INPUT
VECTOR TIME OR PROPAGATE TO A POINT, THE OUTPUT WILL BE IN THE
FCRM OF A CHFECKOUT MONITOR SUMMERY SHEET.

9-32




IU TELEMETRY VECTOR CGNVERSICN

(FILE 1, UNIVAC 11C8)

A. STANDARD ARMACR INPUTS TO CONVERT AN IU TELEMETRY VECTOR

TO ECI ARE AS FOLLOWS

PHASE (1+0,3,1)

ISCALE

OSCALE

INJECT

GMTVEC

XPL
YPT
ZpPL
DxpPL
DYPL
DZPL
IMASS
LAZ
ICOM
ICGMPR

DTLANC

1

4

41

(FP)

(FP)
(FP)
(FP)
(FP)
(FP)
(FP)
(FP)
(FP)

1

2

(FP)

GENERAL PURPOSE FILE, INITIAL COAST PHASE

INPUT UNITS ARE IN KM AND KM/SEC

OUTPUT UNITS ARF FEFT AND FEET PER
SEC

VECTOR INPUT FLAG (IU PLATFQORM
STABLE

INPUT VECTOR TIME IN HR,MIN,SEC
(GeMoT,)

POSITION VECTOR IN KILOMETERS
(XsY,yZ)

VELOCITY VECTOR IN KM/SEC (DX,DY,DZ)

VEHICLE WEIGHT IN LBS

LAUNCH AZIMLTH IN DEGREES

CALL CHECKOLT MCNITCR FOR VEHICLE 1
CHECKOUT MCNITOR AT START OF PHASE

GMTZS=GMTIUGRR IN HRS POSITIVE
NUMBER

Be IF THE INPUT VECTOR IS PROPAGATED TO A TIME, INPUT THE
ACDIT IONAL FOLLOWING INSTRUCTIONS

GETHRS

AREA

ICOMPR

(FP)

(FP)

3

TERMINATION TIME IN HRyMIN,SEC
(G.E.T.)

REFERENCE AREA IN FEET SQUARED

OUTPUT CHECKOUT MCNITOR AT BEGIN-
NING AND END OF PHASE
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9+4.8 RACAR TRACKING AND SUMMARY, = THIS PROCESSOR GENERATES
RACAR TRACKING DATA FOR EACH SPECIFIED RADAR STATION AT EVERY
PRINT POINT., AFTER ALL TRACKING DATA HAS BEEN GENERATEDs SUMMARY

OF ACQUISITION AND LOSS OF DATA FOR EACH RADAR STATION CAN BE
GENERATED,

A. ACDIT ION ARMACR INPUT QUANTITIES FOR RADAR TRACKING
ARE L ISTED BELOW

PHASE (1+0+3+1) = GENERAL PURPOSE FILE
IVECT I OCTAL VECTOR INPUT FLAG

IREFM I INPUT REF SMMAT FLAG

PHASE (N,M) = PHASE WHERE RADAR TRACKING CATA IS GENERATED

NODRUM 1 ASSIGN INTERNAL PRINT UNIT TO UNIT Y

TOTALP -17. SUPPRESS PRINT GRCUPS 1~-17

TITLE -1l SUPPRESS IML PRINT BLOCK

IPRINT I PRINT FREQUENCY OF RADAR TRACKING

ITHPR I PRINT FREQUENCY OF RADAR TRACKING

TCINT (FP) INTEGRATICN STEP SIZE FOR THRUSTING
PHASE (HR)

CINE (FP) INTEGRATION STEP SIZE FOR NEAR EARTH

COASTING PHASE (HR)

.CINNE (FP) INTEGRATICN STEP SIZE FOR FAR EARTH
COASTING PHASE (HR)

CINL (FP) INTEGRATION STEP SIZE FOR NEAR MCON
COASTING PHASE (HR)

CINNL (FP) INTEGRATIGON STEP SIZE FOR FAR MOON
COASTING PHASE (HR)

RADPRT (FP) RADAR OUTPUT INDICATOR
= 1. PRINTS RADAR TRACKING DATA FOR
ALL VISIBLE STATIONS AT PRINT
POINTS
= 2. PRINTS RADAR ACQUISITION AND
TERMINATION EVENTS AND TIME OF
OCCURENCE
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3. PRINTS RADAR QOUTPUT AND RADAR
EVENTS (OPTICNS 1+2)

= 4, PRINTS RACAR QOUTPUT AND RADAR
EVENTS (OPTICN 1+2) PLUS VEHI-
CLE STATE VECTCR AT EVENT
POINTS (PRINT GROUPS MUST RE
SET)

= 5. PRINTS RADAR CQUTPUT, RADAR

EVENTS, VEHICLE STATE VECTOR AT

EVENTS, AND ACQUISITIGN TERMIN-

ATION SUMMARY IFf PRRAD IS SET

PRRAD 2. RADAR SUMMARY PRINT AND TAPE ARE
GENERATED FROM DATA COMPUTED FOR
EACH RADAR STATION THAT IS TRACKING
AND TERMINATES

RACAR 1 NUMBER OF RADAR STATION STORED ON
PCF TAPE OR STATICN NAME AND CHARC-
TERISTICS IF STATICNS ARE INPUT
MANUALLY

Re IF THE PRINT TAPE CONTAINING THE RADAR TRACK DATA IS TO BE
SAVED FOR FURTHER PROCESSING BY ANCTHER PROGRAM, INCLUDING
THE FOLLOWING INPUT QUANTITIES

ASG L

SAVE RADAR TRACKING TAPE

ASG Y

Y ASSIGN TO TAPE UNIT

PHASE (NsM) = PHASE WHERE RADAR TRACKING CATA IS GENERATED
RADAR I STATION NUMBERS DESIRED ON TAPE

RADPRT 5 PRINT RADAR TRACKING AND ACQ-LOSS
SUMMARY GENERATE RACAR SUMMARY TAPE

PRRAD 2. GENERATE RACAR SUMMARY TAPE
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Q,4,9 EPHEMERIS TAPE GENERATORe. - THIS PROCESSOR WILL BE USED
TO GENFRATF AN EPHEMERIS TAPE FOR USE BY THE APOLLO GENERALIZED
OPTICS PROGRAM ANC THE WORK SCHEDULE PRCCESSOR. THE STANDARD
QUTPUT UNIT FOR THIS EPHEMERIS IS Q (20), THE TAPE MAY BE GENER-
ATEDC IN CONJUNCTION WITH ANY ARMACR RUN BY SETTING THE APPROPRI-
ATE FLAGS.

A. ACDITIONAL ARMACR INPUT QUANTITIES FOR THE EMPHERIS TAPE
GEMERATOR ARE LISTED BELOW

PHASF WHERE EPKEMERIS CUTPUT IS DESIRED

PHASE (Ny,M) = ANY PHASE

TEPFEM 1 TURN ON EPHEMERIS GENSRATOR

CINE I *DEPENDING CN THE PROXIMITY OF THE

CINNE *EARTH OR MCON ALL CF THESE SHOULD
*BE SET TO THE DESIRED INTEGRATION

CINNL I *STEP SIZE, SINCE ARMACR QUTPUTS A

CINL I *POINT FOR EACH STEP.

PHASE WHERE NO EPHEMERIS OQUTPUT IS DESIRED

PHASF (Ny,M) = ANY PHASE

IEPFEM 0 TURN OFF EPHEMERIS CUTPUT

B. *NOTE IEPKFEM REMAINS CN OR OFF UNTIL RESET
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Q.4.10 POSTFLIGHT EPHEMERIS TAPE GENERATOR. = THIS PRNCESSOR
WILL BE USED TO GENERATE AN EPHEMERIS TAPE FOR USE IN PQOSTFLIGT
ANALYSIS. THE PROCESSOR GENERATES THE VARIABLE FORMAT TAPE
WHICH IS THEN REPROCESSED RY A POST PROCESSCR TC PLACE THE VAR-
[ABLES IN THE FORMAT SPECIFIED FOR POSTFLIGHT ANALYSIS.

A. ACDITIONAL ARMACR INPUT QUANTITIES FOR THE EPHEMERIS TAPE
GENERATOR ARE LISTED BELOW

ASG Y Y ASSIGN TO TAPE UNIT

ASG F

SAVE PCST FLIGHT EPHEMERIS TAPE

PHASE(1,00341) = GENERAL PURPOSE FILE
IVECT 1 OCTYAL VECTOR INPUT FLAG

IREFM 1 INPUT REFSMMAT FLAG

PHASE (N,M) = EVERY PHASE WHERE POSTFLIGHT EPHEMERIS IS

GENERATED
NODRUM 1 ASSIGN INTERNAL PRINT UNIT TO UNIT Y
OSCALE 4 CUTPUT UNITS ARE FEET AND FT/SEC
VLIST (BCD) VARIABLES TO BE WRITTEN ON THE VAR-

IABLE FORMAT TAPE (MUST B8E INPUT IN
EVERY PHASE WHERE TAPE IS DESIRED)

IPRINT I PRINT FREQUENCY OF VARIABLE FORMAT
TAPE

TOTALP -17. SUPPRESS PRINT GRQUPS 1-17

TITLE -1. SUPPRESS IML PRINT BLOCK

ITHPR I PRINT FREQUENCY OF VARIABLE FORMAT
TAPE FOR THRUSTING PHASES

TCINT (FP) INTEGRATION STEP SIZE FOR THRUSTING
PHASE (HR)

CINE (FP) INTEGRATION STEP SIZE FOR NEAR EARTH

COASTING PHASE (HR)

CINNE (FP) INTEGRATION STEP SIZE FOR FAR EARTH
COASTING PHASE (HR)

9-38




CINL (FP) INTEGRATICN STEP SIZE FOR NEAR MOON
COASTING PHASE (HR)

CINNL (FP) INTEGRATION STEP SIZE FOR FAR MOON
COASTING PHASE (HR)
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9.5 INPUT VARIABLE DESCRIPTIONS

ATTITUDE OPTIONS

le ALIGN FORM THE LOCAL HORIZONTAL

ATYPE

ROLL(1)

ROLLIL2)

rOLL(3)

k!

(FP)

(FP)

(FP)

ALIGN VEHICLE 1 FRCM THE LVLH PLANE

YAW ANGLE FROM THE VELQCITY VECTOR
PROJECTION IN THE LVLH PLANE

PITCH ANGLE FRCM THE LVLH PLANE

ROLL ANGLF ABQUT THE RESULTANT
X=AXIS

7« ALIGN USING REFSMMAT AND GIMBAL ANGLES

ATY PE

ROLL(1)
rROLL(Z)
ROLLI(3)

IREFM

10
(FP)
(FP)

(FP)

ALIGN VEHICLE BASE CN IMU ALIGNMENT
PITCH GIMBAL ANGLE (INNER)
YAW GIMBAL ANGLE (MIDODLE)
RCLL GIMBAL ANGLE (CUTER)

INPUT REFSMMAT IN GEMMV FORMAT AFTER
ENDRUN CARD

IF REFSMMAT IS INPUT IN STANDARD ARMACR FORMAT, INCLUDE THE
FOLLOWING VARIABLES IN PLACE OF IREFM

ATYPE?3

RAX IS3

PAX 1S3

YAXIS3

2

(FP)

(FP)

(FP)

REALIGN IMy TO INPUT REFSMMAT

FIRST ROW OF REFSMMAT (THREE QUANTI-
TIES SEPARATED BY CCMMAS)

SECOND ROW OF REFSMMAT (THREE QUAN-
TITIES SEPARATED BY COMMAS)

THIRD ROW OF REFSMMAT (THREE QUANTI-
TIES SEPARATED BY CCMMAS)

9-40




3. ALIGN FROM THE LINE-OF=-SIGHT TOD THE HCRIZON

ATYPE

BMODEL

LKDIR

ROLL(1)

ROLL(Z)

ROLL(3)

14

(FP)

(FP)

{FP)

ALIGN VEHICLE 1 FRCM THE LINE-OF-
SIGHT TO THE HORIZON

SPHERICAL EARTH MODEL (NOMINAL
VALUE)
OBLATE EARTH MODEL

ALIGN TO HORIZCN FORWARD (NOMINAL
VALUE)

ALIGN TO HORIZCN AFT

YAW ANGLE FRCM CRBITAL PLANE

PITCH ANGLE FRCM LINE-OF=-SIGHT TO
HORI ZON

ROLL ANGLE ABOUT LINE=-QF-SIGHT TO
HORI ZON

ALIGN THE THRUST VECTOR USING LVLH ATTITUDES, GIMBAL
ANGLESy AND ENGINE TRIM ANGLES (COMPUTE REFSMMAT)

ATYPE

ROLLIL)

ROLL(2)

RCLL{3)

IPTYPE

G012

TALGN

ENDFPA

3
(FP)

(FpP)

(FP)

10

(FP)

(FP)

ALIGN VEHICLE 1 FRCM LVLH PLANE

YAW ANGLE FROM THE VELOCITY VECTOR
PROJECTION IN THE LVLH PLANE

PITCH ANGLE FRCM THE LVLH PLANE

ROLL ANGLE ABOUT THE RESULTANT
X=AXIS

REALIGN THE IMU

ALIGN THE TMU SO THAT THE GIMBAL
ANGLES SPECIFIED IN GO57 ARE
ATTAINED

PITCHy, YAWs AND ROLL GIMBAL ANGLES
DESIRED AFTER REALIGNMENT OF THE IMU
(THREE QUANTITIES SEPARATED BY CQOM~-
MAS)

DEFLECT THE VEHICLE FROM THE THRUST
VECTOR BY THE ENGINE DEFLECTION
ANGLES

ENGINE PITCH TRIM ANGLE (CONSTANT
VALUE)
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FNDFYA {(FP)

GUIDANCE CPTIONS

1.

EXTFRNAL DELTA Vv

IPTYPE 2
GCon 1
Gr22 C
Gr23 (FP)
Gn27 (FP)
GC37 (FP)
INAV 1

JRBITAL RATE

ITURN 2
OPEN LOOP
ITYPE 11
TTR (FP)
XMT OV (FP)
TXMTOV (FP)

ENGINE YAW TRIM ANGLE (CONSTANT
VALUE)

EXTERNAL DELTA V (INPUT) TARGETING
(USED IN PRECOMPUTE PHASE PRIOR TO
AN EXTERNAL DELTA V MANEUVER

EXTERNAL DELTA v FLAS

2 INPUT P=30'S IN LVLH

3 INPUT P=40'S IN LVLH

4 INPUT VELOGCITY INCREMENT IN
ECI OR MCI

5 INPUT VELOCITY-TO~-BE-GAINED
ECI QR MCI

CROSS PRODUCT STEERING CONSTANT

SPS THRUST MAGNITUDE USED IN THE
ONBOARD GUICANCE LOGIC

TIME OF SPS IGNITION IN HRS (GeE.T.)

EXTERNAL DELTA V CCMPCNENTS
(VXyVY4VZ)

AVERAGE-G INTEGRATICN ROUTINE, INI-
TIALIZING TO ACTUAL STATE VECTOR

MAINTAIN THE VEHICLE LVLH ATTITUDE
SPECIFIED IN THE ALIGNMENT QOPTIGN

CALLS OPEN LOOP STEERING
THRUST DURATICN IN SECCNDS

TOTAL DELTA V GAINEC IN A PARTICULAR
PHASE

TOTAL DELTA V GAINED DURING A SUC-
CESSION OF THREE THRUSTING PHASES
(ULLAGE + STEADY STATE + TAILOFF).
IN SPS STEACY STATE PHASE INCLUDE
G023 AND GO25. ‘
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‘ IDELVX

® ..

DF
TERMINATION

CRRIT
COUNT

- CENTRAL BRODY
LCNG ITUDE

ALTITUDE

INERTI AL
FLIGHT-PATH
ANGL E

PERIAPSIS

‘ APPAPS TS

‘ PHASF TIME
LAPSE

1 TERMINATE THRUSTING WHEN DELTA V
ALONG X-AXIS EQUALS XMTQV

n TERMINATE THRUSTING WHEN DELTA V
ALONG VELOCITY VECTOR EQUALS XMTOV

PRIMARY PHASE -TERMINATIGONS

VALUE MOCN
0fF OR ADDITIONAL VARIABLES
TSTOP EARTH REF REQUIRED
2 MCON OMAX - PHASE ORBIT COUNT OR
13 EARTH TOMAX - TOTAL ORBIT CGUNT
4 MOON CMAX - ORBIT NO OF LONG TER-
14 EARTH MINATION
LONSTP - DESIRED TERMINAL
LCNGITUDE
7 MCON RALTFT - ALTITUDE ABOVE A
17 EARTH SPHERICAL MOON OR
CBLATE EARTH
ISCALE - UNITS OF ALTITUDE
MUP - ASCENT OR DESCENT TER-
MINATION
=C DESCENDING (NOMINAL
VALUE)
=1 ASCENDING
8 MCON GAMLUN - DESIRED SELENOCEN-
TRIC FLIGHT PATH-
ANGLE (DEG)
18 EARTH GAMETH - DESIRED GEOCENTRIC
FLIGHT-PATH ANGLE
(DEG)
8 MOCN GAMLUN = 0. INERTIAL FLIGHT
PATH=-ANGLE AT
PERILUNE
18 EARTH GAMETH = 0., INERTIAL FLIGHT=-
PATH ANGLE AT
PERIGEE
1 MOON GAMLUN = 0. INERTIAL FLIGHT=-
PATH ANGLE AT
- APOLUNE
11 EARTH GAMETH = 0. INERTIAL FLIGHT=-
PATH ANGLE AT
APOGEE
- MGON TTR = PHASE TIME LAPSE (HRS
- EARTH FOR CCAST,y SEC FOR

THRUST PHASE)
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GECGRAPHIC
FLIGHT PATH
ANGLE

IFRO PHASE
TIME LAPSE

19

23
23

EARTH

MOGN
EARTH

TTRHRS - PHASE TIME LAPSE IN
HRSyMINS, SECS
(PCSITIVE FOR INTE-
GRATICN FORWARD,
NEGATIVE FOR INTE-
GRATICN BACKWARD)

GETHRS - TOTAL ELAPSED TIME
(GOE.T.’ IN HRS’
MINSy SECS (PROGRAM
WILL AUTOMATICALLY
SET INTEGRATION
DIRECTION)

GAMETH - DESIRED EARTH RELA-
TIVE FLIGHT PATH
ANGLE (DEG)

"

TTR 0. ZERDO PHASE TIME

LAPSE

UNITS NF INPUT AND OUTPUT QUANTITIES

ISCALE

CONTROLS THE UNITS OF INPUT QUANTI-

TIES.

DISTANCE IS MEASURED IN THE

UNITS BELOW, AND VELOCITY IN THOSE
UNITS PER SECOND

1

2

KTLOMETERS

INTERNATICNAL STATUTE MILES
UeSes NAUTICAL PMILES
INTERNATICNAL FEET

DISTANCE IS MEASURED IN EARTH
RADII AND VELOCITY IN EARTH
RADIT PER HOUR,

DISTANCE IS MEASURED IN INTER-
NATIONAL STATUTE MILES AND VEL-
OCITY IN INTERNATICONAL FEET PER
SECCND.

DISTANCE IS MEASURE IN U.S.
NAUTICAL MILES AND VELOCITY IN
INTERNATICNAL FEET PER SECOND.
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NSCALE

CCNTROLS THE UNITS CF QUTPUT QUANTI-
TIES. DISTANCE IS MEASURED IN THE
UNITS BELOWs AND VELOCITY IN THOSE
UNITS PER SECCND.

= 1 KILOMFTERS

= 2 INTERNATICNAL STATUTE MILES

"
w

U.Se NAUTICAL MILES
= 4 INTERNATICNAL FEET

= 5 DISTANCE IS MEASURED IN EARTH
RADIT AND VELOCITY IN EARTH
RADII PER HOUR,

= 6 DISTANCE IS MEASURED IN INTER-
NATIONAL STATUTE MILES AND VEL=-
OCITY IN INTERNATIONAL FEET PER
SECOND.

= 7 DISTANCE IS MEASURE IN U.S.
NAUTICAL MILES AND VELOCITY IN
INTERNATICNAL FEET PER SECOND.

EARTH AND MCON REFERENCE OPTIONS

INJECT

I

SPECIFIES REFERENCE BODY AND INPUT
COORDINATE SYSTEM

= 10 INERTIAL GEOCENTRIC CARTESIAN
RESTART CCORDINATES
RXYZ = XosYeZ COMPONENTS OF RE-
START POSITION IN UNITS
OF EARTH RADII (DOUBLE
PRECISIGN)
RDXYZ = X.Y,Z COMPONENTS OF
RESTART VELOCITY IN
UNITS OF EARTH RADII
PER HOUR (DOUBLE
PRECISICN)
11 INERTIAL GEOCENTRIC CARTESIAN
COORDINATES. ISCALE CONTROL
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20

21

9-46

INPUT UNITS.,

X = X CCMPONEANT OF POSITION
Y = Y CCMPONENT OF POSITION
Z = 1 CCMPONENT OF POSITION

DX = X CONPCNENT OF VELOCITY
DY = Y CCMPONENT OF VELOCITY
NZ =7 CCMPCNENT OF VELOCITY
INERTTAL SELENNCENTRIC CAR-
TESIAN RESTARTY COORDINATES
RXYZ = XoYeZ2Z CIMPONENTS OF RE=-
START FOSITION IN UNITS
OF EARTH RADII (DOUBLE
PRECISION)
RDXYZ = X,Y,Z COMPONENTS OF
RESTART VELOCITY IN
UNITS OF EARTH RADII
PER HCUR (DOUBLE
PRECISION)

1}

INERTIAL SELENJCENTRIC CAR-
TESTAN COORDINATES. ISCALE
CONTROLS INPUT UNITS.

XL = X CCMPCNENT OF POSITION
YL = Y CCMPCNENT OF POSITION

L Z CCMPCNENT OF POSITION
DXL = X CCMPCNENT OF VELOCITY
DYL = Y COMPCNENT OQF VELOCITY
DZL = Z COMPCONENT OF VELOCITY



10. OPERATING INSTRUCTIONS FOR THE APOLLO REFERENCE MISSICN
PROGRAM (ARMACR) PDST PROCESSORS,

10.1 GENERAL

EXFCUTED AFTER THE ARMACR TRAJECTORY PROGRAM HAS GENERATED AND
STORED THE NECESSARY INPUT DATA ON A TAPE. THERE ARE PRESENTLY
THREE POST PROCESSORS REPORT GENERATOR (GRGOUND TRACK, RELATIVE
MNTION, REFSMMAT TQ REFSMMAT, DOCKED ALIGNMENT, OPEN HATCH

. THERMAL CONTROL), APOLLO REENTRY SIMULATICN (ARS), AND THE
GUICANCE OPTICAL SIGHTING TABLE (GOST).

‘ THE ARMACR POST PROCESSOR IS A PROGRAM THAT IS AUTOMATICALLY

10,2 THE ARMACR POST PROCESSORS

THTS SFCTION PRESENTS A BRIEF DESCRIPTICN GF THE ARMACR POST
PROCESSORS ALONG WITH A LISTING OF THE CONTROL CARDS AND THE ON-
LINE INPUTS REQUIRED TO OPERATE EACH PRCCESSOR.
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10.2.1 REPORT GENERATOR PROCESSDR. = THIS PRCCESSOR IS USED
TGO OUTPUT TABULAR DATA IN A DESIRED FORMAT, THE DATA, A MAXIMUM
OF 13 VARIABLES PER TABLE, ARE OBTAINED FRCM THE VARIABLE FORMAT
TAPE GFNERATED BY ARMACR AND OUTPUT IN THE FORMAT SPECIFIED IN
THE REPORT GENERATOR.

A, TAPE SETUP FOR THE UNIVAC 1108 PROCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTICN

REPORT GENERATCR (PCF) PROGRAM TAPE
SCRATCH TAPE

EPHEMERIS TAPE

ARMACR PROGRAM (PCF) TAPE

DATA TAPE

SCRATCH TAPE .

€ D ea M >
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B. CONTROL CARD LISTING FOR THE UNIVAC 1108 CATA
PROCESSING SYSTEM

COLUMN 1 4
MSG
ASG

ASG
ASG

ASG
ASG
ASG
XQT

8

A=XXXX

.
[=$CPKEM

R=XXXX
U=XXXX
Y

CUR

TRW R
IN R

FN XQT ARMACR

ENDRUN
xQT

N XQT

EOF

CUR

ERS

TRW A
IN A

TRI A

REPORT

10-3

CCMMENTS

REPORT GENERATOR PROGRAM
(PCF) TAPE

SCRATCH TAPE

SINGLE PRECISION EPHEMERIS
TAPE

ARMACR PROGRAM (PCF) TAPE
ARMACR DATA TAPE

SCRATCH TAPE

EXECUTE THE FOLLOWING
INSTRUCTICNS

REWIND UNIT R

INPUT THE ENTIRE USER PCF
FROM UNIT R

SCURCE LANGUAGE CORRECTIONS
(PATCHES)

ARMACR DATA CARDS

END CF ARMACR DATA
EXECUTE THE FOLLOWING
INSTRUCTICNS

ERASE LAST PROGRAM FROM
MEMORY

REWIND UNIT A

INPUT THE ENTIRE USER PCF
FROM UNIT A

REWIND UNIT A WITH
INTERLOCK

EXECUTE REPORT GENERATOR

REPORT GENERATOR DATA CARDS

END CF FILE CARD



C. INPUTS TO THE REPORT GENERATOR PROCESSOR. THE FOUR OPTION
CARDS ARE LISTED BELOW WITH THE REMAINING FORMAT CARDS

COMTAINED IN THE ON-LINE DECKS. .
COLUMN
CARD 1 1-3 NUMBER OF CASES (INTEGER)
4=6 CPTION TO SiART PROCESSING THE NTH
RECORD INSTEAD CF THE FIRST RECORD
(USED IN CONJUNCTION WITH CARD 4)

AND TO CREATE CNLY CNE TABLE FOR
MULTIPLE PHASES.

= 0 NO OPTICN

= 1 BEGIN PROCESSING WITH THE NTH
RECORD+ AND CREATE ONLY ONE
TABLE PER CASE

BEGIN PROCESSING WITH THE NTH -
RECORD, BUT BEGIN TABLE HEAD~-

INGS ON A NEW PAGE FOR EACH

PHASE

1]
[\¥]

7-9 FILE NUMBER UN THE DATA TAPE IN
WHICH CARDS 5-40 ARE LOCATED.
=N FILE NUMBER
=0 CARCS 5-4C ARE READ FROM CARD READER

CARD 2 1-3 NUMBER OF TABLES (INTEGER) ‘

4=6 TOTAL NUMBER OF PHASES (INTEGER)

POSITIVE NUMBER = PHASE TO BE PRO-
CESSZD ARE LISTED
CN CARD 3

NEGATIVE NUMBER = ABSCLUTE VALUE IS
NUMBER OF CONSECU-
TIVE PHASES TO BE
PROCESSED STARTING
WITH PHASE SPECI-
FIED IN COL 1-2 OF

CARD 3.
CARD 3 1-2 FIRST PHASE TO BE PROCESSED
3-4 SUCCESSIVE PHASES TO BE PROCESSED .
5-6 IF THE NUMBER IN COLUMNS 4-6 OF
CARD 2 IS PCSITIVE
CARDC 4 1-3 DATA RECORDS TO BE USED FOR EACH

PHASE

= POSITIVE CR ZERO, THE DATA RECORD

TO BE USED FOR ADDITIONAL PHASES

MUST RE SPECIFIED IN COL 4-T73.

-1y SAME DATA RECCRD OPTION FOR

ALL PHASE

= -2"3""'ETC’ EVERY 2ND,3RD'4TH'
ETCe.y DATA RECORD WILL BE USED TO
GENERATE THE TABLE
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CARD 5-=N THE FORMAT CARDS ARE SET IN THE
APPROPRIATE ON-LINE DECKS.

CARD 40 1-6 THE FOLLOWING CCNVERSION
7-12 OPTIONS AVAILABLE IAN ADDITION TO
THOSE LISTED ON 15-3)
Ne INPUTS TO GROUND TRACK PROCESSOR (ARMACR) ARE LISTED BELOW

PHASE(NsM) = PHASE WHERE GROUND TRACK IS CALLED

TCINT (FP) INTEGRATICN STEP SIZE FOR THRUSTING
PHASE (SEC)

CINT (FP) INTEGRATICON STEP SIZE FOR NEAR-EARTH
COASTING PHASE (HR)

CINNE (FP) INTEGRATICN STEP SIZE FOR FAR-EARTH
COASTING PHASE (HR)

CINL (FP) INTEGRATION STEP SIZE FOR NEAR-MOON
COASTING PHASE (HR)

CINNL (FP) INTEGRATICN STEP SIZE FOR FAR-MOON
COASTING PHASE (HR)

IPRINT I PRINT FREQUENCY MULTIPLIER

OSCALE 7 OUTPUT UNITS ARE N MI AND FPS

TOTALP -17. SUPPRESS ARMACR PRINT

TITLE -1. SUPPRESS ARMACR PRINT

VLIST1 (BCD) VARTABLE TO BE WRITTEN ON THE VARTABLE

FORMAT TAPE
=T1KDAYS' KHRS,KMI NS,SEC QLAT'LONp
ALT+AZLENDLST

Ee INPUTS TO THE RELATIVE MOTION PROCESSOR (ARMACR). THIS
PROCESSOR WILL BE USED TO COMPUTE THE RELATIVE MOTICN OF
TWO VEHICLES AND ODUTPUT THE RELATIVE MOTICN DIGITALS DIS-
PLAY, THE INPUTS ARE LISTED BELOW.

PHASE(NsM) = PHASE WHERE RELATIVE MOTICN IS CALLED

TCINT (FP) INTEGRATICN STEP SIZE FOR THRUSTING
PHASE (SEC)

CINE (FP) INTEGRATICN STEP SIZE FOR NEAR-EARTH
CCASTING PHASE (HR)
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CINNE (FP) INTEGRATICN STEP SIZ2E FOR FAR-EARTH
COASTING PHASE (HR)

CINL (FP) INTEGRATION STEP SIZE FOR NEAR-MCON
COASTING PHASE (HR)
CINNL (FP) INTEGRATION STEP SIZE FOR FAR-MOON
COASTING PHASE (HR)
IPRINT I PRINT FREQUENCY MULTIPLIER
OSCALE 7 OUTPUT UNITS ARE N Ml AND FPS
TOTALP -17. SUPPRESS ARMACR PRINT ‘
TITLE -1. SUPPRESS ARFMACR PRINT .
VLIST1 (BCOH) VARTABLES TO BE WRITTEN ON THE VAR-

IABLE FORMAT TAPE
=T4RANGE yRRATE yRCZ yRCX,RCY,ENDLST

Fe. INPUTS (ARMACR) TO THE REFSMMAT TO REFSMMAT PROCESSORe.
THIS PROCESSOR COMPUTES A LVLH SPACECRAFT (CSM AND/OR LM)
ATTITUDE BASED ON A PREFERRED REFSMMAT AND 0,0,0 GIMBAL
ANGLFS. THIS LVLH ATTITUDE AND A NEW INPUT REFSMMAT ARE
USED TO COMPUTE THE CORRESPONDING GIMBAL ANGLES,

PHASE (N+M) = ALIGN TC PREFERRED LVLH ATTITUDE

*ATYPE(T) 10 ALIGN SPACFCRAFT BASED ON REFSMMAT
AND GIMBAL ANGLES

IVECT I READ STATE VECTOR IN 1004 FORMAT
=1 INPUT CONE VECTOR
=2 INPUT TWO VECTORS

ROLL]L (Fp) GIMBAL ANGLES SET TC De+04190.
(IGA,MGA,0GA)

IREFM 1 INPUT PREFERRED REFSMMAT IN 1004
FORMAT

1 CNE REFSMMAT WILL BE INPUT
2 TWO REFSMMATS WILL BE INPUT

GETHRS (FP) TIME (HR,MIN,SEC) AT WHICH GIMBAL
ANGLE COMPUTATICN IS DESIRED

BGEND 1 PRINT FIRST AND LAST POINT IN EACH
PHASE

NV I NUMBER OF VEHICLES

VLIST1 (RCD) VARIABLES TO BE WRITTEN ON THE VARI-

ABLE FORMAT TAPE FOR VEHICLE 1
=[GA¢MGA,O0GA+RFID11 +yRFID12+ENDLST*
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PHASE (N+1,M)

VLIST2 (BCD) VARTABLES TC BE WRITTEN ON THE VARI=-
ABLE FORMAT TAPE FOR VEHICLE 2
=I1GAyMGA+OGA,RFID21,4RFID22,ENDLST*

1]

COMPUTE IMU GIMBAL ANGLES BASED ON NEW INPUT

REF SMMAT
*ATYPE(I+2) 2 ALIGN IMU BASED ON INPUT REFSMMAT
IREFM 1 INPUT PREFERRED REFSMMAT IN 1004
FORMAT

1 ONE REFSMMAT WILL BE INPUT
2 TWO RFEFSMMATS WILL BE INPUT

non

VLIST1 (8CD) VARIABLES TO BE WRITTEN ON THE VARI-
ABLE FORMAT TAPE FOR VEHICLE 1
=IGA +MGA+OGASRFID11 RFID12,ENDLST*

VLIST2 (BCD) VARTABLES TCO BE WRITTEN ON THE VARI-
ABLE FORMAT TAPE FOR VEHICLE 2
=IGAyMGA,0GA,RFID21 yRFID22 4ENDLST*

PHASF (N+2,M) = TERMINATE RUN

NTAPE 0 FLAG TO TERMINATE RUN

ENDRUN

#NOTE -

VECTOR FOR VEHICLE ONE
VECTOR FOR VEHICLE TWO
PREFERRELC REFSMMAT ONE
PREFERRED REFSMMAT TwO
NEW REFSMMAT ONE
NEW REFSMMAT TWO

THE LETTER T IS THE NUMBER 0OF THE VFHICLE. (I=1 FOR
CSMy AND 2 FOR LM}

**NOTE -~ IF TwWO VEHICLES ARE INPUT AND THE VECTORS ARE NOT AT

THE S5AME TIME, A PHASE MUST BE INCLUDED, PRIOR TO THE
LVLH ALIGNMENT PHASE, IN WHICH THE EARLIER VECTOR IS
COASTED UP TO THE TIMF OF THE LATER VECTOR.
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G.

INPUTS (ARMACR) TO THE DOCKING ALIGNMENT PROCESSOR. THIS
PROCESSOR WILL BE USED TO COMPUTE EITHER LM IMU GIMBAL
ANGLES AND FDAI ANGLES, A LM REFSMMAT, OR CSM IMU GIMBAL
ANGLES WHILE IN A DOCKED CONFIGURATICON. THE IMU GIMBAL
ANGLES OF ONE VEHICLE CAN BE COMPUTED FRCM THE GIMBAL
ANGLES AND REFSMMAT OF THE SECOND VEHICLE AND THE REFSMMAT
OF THE FIRST VEHICLE. IN ADDITION, A LM REFSMMAT CAN BE
COMPUTED FROM THE LM GIMBAL ANGLES AND THE CSM GIMBAL
ANGLES AND REFSMMAT,

LM GIMBAL ANGLE COMPUTATION

PHASE (1,093,1) = FIRST COAST PHASE

ROLL1 (FP) CSM IMU GIMBAL ANGLES (IGA+MGA,OGA)
*TOTALP -17 SUPPRESS ARMACR PRINT
*IREFM 1 INPUT CSM REFSMMAT IN 1004 FORMAT

PHASE (2,2) = SECOND COAST PHASE

*INJ ECT 31 DOCKED VEHICLE CONFIGURATICN

*ATYPE(2) 2 ALIGN LM TO NOMINAL DOCKED CONFIG=-
URATION

*ROLL2 (FP) NGMINAL DOCKED CONFIGURATION (SET

TO 180++0.+120.)
*IMASS(2) 999, VEHICLE TWO DUMMY WEIGHT

PHASE (3,2) = THIRD COAST PHASE

rROLL(6) (FP) NEGATIVE OF ROLL DOCKING ANGLE
OFFSET
*ATYPE(2) 2 ALIGN LM TO DOCKING ANGLES

PHASF (442) = FOURTH COAST PHASE

*TREFM 1 INPUT LM REFSMMAT IN 1004 FORMAT

*VLIST1 (BCD) VARIABLES TC BE WRITTEN ON THE
VARTABLE FORMAT TAPE

*VLIST2 (BCD) VARIABLES TO BE WRITTEN ON THE
=]GAyMGA,OGA,RFID11,RFID12,ENDLST*
VARIABLE FCRMAT TAPE
=IGAyMGA,0GA,RFID21 RFID22+ENDLST*
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. PHASE (5+2) = FIFTH COAST PHASE

*NTAPE 0 TERMINATE RUN
ENCRUN

‘ CSM 10C4 REFSMMAT

LM 1C04 REFSMMAT

LM REFSMMAT COMPUTATICN

PHASF (14043,1) = FIRST COAST PHASF

ROLL1 (FP) CSM IMU GIMBAL ANGLES (IGAMGA,0QGA)
*TOTALP =17, SUPPRESS ARMACR PRINT

*IREFM 1 INPUT CSM REFSMNMAT IN 1004 FORMAT

I PHASF (242) = SECOND COAST PHASE
*INJECT 21 DOCKED VEHICLE CCNFIGURATICN
*ATYPE(2) 2 ALIGN LM TGO NCMINAL DOCKED CCNFIG-
URATION

*ROLL2 (FP) NCMINAL DCOCKED CONFIGURATION (SET

TO 1800 '00'1200,

*IMASS(2) S99, VEHICLE TWO DUMMY WEIGHT
PHASE (3,2) = THIRD COAST PHASE
ROLL(6) (FP) NEGATIVE OF RCLL DOCKING ANGLE
OFFSET
‘ *ATYPE(2) 2 ALIGN LM TO DOCKING ANGLES

PHASE (442) = FOURTH COAST PHASE

‘ G0S7 (FP) LM IMU GIMBAL ANGLES (IGA,MGA,0GA)

*IPTYPE 3 IMU ALIGNMENT
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*GNO8 1 ALIGN IMU CNLY

*GD12 -19 CALCULATE REFSMMAT

*VLIST1 (BRCD) VARIABLES TO BE WRITTEN ON THE
VARIABLE FORMAT TAPE
=1GAyMGA,0GA,RFID11,RFID12,ENDLST*

*VLISTZ2 (BCD) VARIABLES TO BE WRITTEN ON THE
VARIABLE FCRMAT TAPE
=IGAyMGA,0OGA,RFID21 ,RFID22y XI MUX2,

XIMUY2 4 XIMUZ2+YIMUX2,YIMUY2,
YIMUZ2,ZIMUX2,21MUY2,Z1MUZ2,ENDLST *

PHASE (5,2) = FIFTH COAST PHASE

*NTAPE 0 TERMINATE RUN
ENCRIIN

CSM 10C4 REFSMMAT

CSM GIMBAL ANGLE CCMPUTATIGON
PHASF (1,Cs3,1) = FIRST COAST PHASE

*TOT ALP =17, SUPPRESS ARMACR PRINT
PHASE (2,2) = SECOND COAST PHASE

*INJ ECT 21 DOCKED VEHICLE CONFIGURATION

*IMASS(2) 999, VEHICLE TWO DUMMY WEIGHT

PHASE (3,2) = THIRD COAST PHASE

ROLLZ2 (FP) LM IMU GIMBAL ANGLES (IGAyMGA,0GA)
*IREFM 1 INPUT LM REFSMMAT IN 1004 FORMAT
*ATYPE(2) 10 ALIGN LM TO REFSMMAT AND IMU

GIMBAL ANGLES
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PHASE (4,2) = FOURTH COAST PHASE

*INJECT 30
*ATYPE 2
*ROLL (FP)

ALIGN CSM TC LM

ALIGN CSM TO NCMINAL DOCKED CONFIG-
URATION .

NOMINAL DOCKED CONFIGURATION (SET TO
180.4GCey120.)

PHASE (5,2) = FIFTH COAST PHASE

ROLL(2) (FP)

*ATYPE 2

NEGATIVE OF ROLL COCKING ANGLE
OFFSET

ALIGN WITH DOCKING ANGLES

PHASF (642) = SIXTH COAST PHASE

ROLLZ2 {FP)
*IMJECT 31
*IREFM 2

*ATYPE(2) 10

*VLISTL (BCD)

*VLIST2 (8CH)

LM IMU GIMBAL ANGLES (IGA,MGA,0GA)
DOCKED VEHICLE CCNFIGURATICN
INPUT LM ANC CSM REFSMMAT IN 1004

ALIGN LM TO REFSMMAT AND IMy
GIMBAL ANGLES

VARTABLES TO BE WRITTEN ON THE
VARTABLE FCRMAT TAPE

=1GA yMGA4OGA,RFID11 4RFID12,ENDLST*
VARIABLES TO BE WRITTEN ON THE
VARIABLE FORMAT TAPE

=[GA +MGA,CGA,RFID21 4RFID22,ENDLST*

PHASF (742) = SEVENTH COAST PHASE

*NTAPE 0
ENDRUN

LM 1004 REFSMMAT
SM 1004 REFSMMAT

LM 1204 REFSMMAT

TERMINATE RUN

*NOTE = THESE INPUTS ARE ALREADY SET IN THE ON-LINE DECKS.
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H. INPUTS (ARMACR)YTO THE OPEN HATCH THERMAL CCNTROL
PROCESSOR ARE NOT AVAILABLE AT THIS TIME,.
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10.2.2 ARS PROCESSOR. — THE APOLLO REENTRY SIMULATION
PROCESSOR WILL BE USED TO ACCEPT A STATE VECTOR AT 425,000 FEET
ANC CCMPUTE THE NECESSARY GUIDED ENTRY PROFILE TO HIT A TARGET
LATITUDE AND LONGITUDF. THE STATE VECTOR IS GENERATED BY ONE
CF THE ARMACR PROCESSORS AND IS WRITTEN INTC A 200-WORD
RECORD WHICH INTERFACES WITH THE ARS PROCESSOR. OPTIONS EXIST
WITHIN THE PROCESSOR TO USE ONE OF SIX 'ODIFFERENT ENTRY MODES
WHICH ARE DESCRIBED BELOW.

MODE 1 = AUTOMATIC GUIDANCE AND NAVIGATICN CONTROL

IN THIS STEERING MODE, THE ARS PROCESSOR USES THE CMC ENTRY
LOGIC TO COMPUTE THE ENTRY STEERING COMMANDS AND TO SIMULATE THE
ZNTRY TRAJECTORY REQUIRED TO ACHIEVE THE TARGET LANDING PCINT.

MODE ? - OPEN LOOP FOLLOWED BY GUIDANCE AND NAVIGATION CONTROL

IN THIS FNTRY MODE, AN INITIAL BANK ANGLE IS MAINTAINED
FROM 4C0,00C FEET TO A SPECIFIED G-LEVEL, AT WHICH TIME THE CM
IS ROLLED TO A SECOND BANK ANGLE, DESIGNATEC AS THE BACKUP BANK
ANGLE. THIS ATTITUDE IS MAINTAINED UNTIL THE SECOND G-LEVEL IS
REACHED. FROM THIS TIME UNTIL DROGUE CHUTE DEFLOYMENT, THE ARS
PRGCESSOR USES THE GUIDANCE AND NAVIGATICN CONTROL LOGIC TO
CCMPUTE THE STEERING COMMANDS NECESSARY TO ACHIEVE THE TARGET
LANDING POINT., THIS STEERING MODE REQUIRES THE INPUT OF AN
INITIAL AND BACKUP BANK ANGLE AND TWO G-LEVELS.

MODE 3 - BANK/REVERSE-BANK

IN THIS ENTRY MODE, WHICH IS USED TO CCMPUTE BACKUP GUIDANCE
OUANTITIES, AN INITIAL BANK ANGLE IS MAINTAINED FROM 400,000
FEET TO A SPECIFIED G-LEVEL. IT IS THEN FOLLOWED BY A BACKUP
BANK ANGLE TO A COMPUTED TIME TO REVERSE BANK, AND THE REVERSE
BANK ANGLE IS FLOWN TO DROGUE CHUTE DFPLCYMENT. IN THIS STEER~-
ING MODE, THE INITIAL BANK ANGLE AND G-LEVEL ARE INPUT, AND THE
RACKUP BAMK ANGLE AND TIME TO REVERSE BANK ARE CCMPUTED BY THE
ARS PROCESSOR,

MODE 4 — COMBINED BANK/REVERSE-BANK AND GUIDANCE AND NAVIGATION
CONTROL

THIS ENTRY MODE 1S THE SAME AS THAT DESCRIBED IS THE SECOND
STEERING MODE WITH THE EXCEPTION THAT THE PROCESSOR COMPUTES
THE BACKUP BANK ANGLE. THE INPUTS CONSIST OF THE INITIAL BANK
ANGLE AND THE TwWO G-LEVELS.

MCDE 5 - ROLLING
IN THIS ENTRY, AN INITIAL BANK ANGLE IS MAINTAINED FROM
400,000 FEET TO A SPECIFIED G-LEVEL FOLLOWED BY A CONSTANT

RCLL RATE TO DROGUE CHUTE DEPLOYMENTC THIS MCDE REQUIRES THE
INPUT OF THE INITIAL BANK ANGLE, G-LEVEL, AND ROLL RATE.
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MCDE & - OPEN LOOP

THIS ENTRY CAN EITHER BE A BANK/REVERSE-BANK AS DESCRIBED IN
THE THIRD STEERING MODE OR A CONSTANT BANK-ANGLE ENTRY FRCM 400,
J07 FEET TO DROGUE CHUTE DEPLOYMENT. THE BANK/REVERSE-BANK op-
TICN OF THIS STEERING MODE REQUIRES THE INPUT QOF THE INITIAL
AND BACKUP BANK. ANGLES, THE G-LEVEL, AND THE TIME TO REVERSE
RANK. A CONSTANT BANK ANGLE ENTRY CAN BE SPFCIFIED BY INPUTTING
THE VALUE OF THE BANK ANGLE T0 BE USED AS THE INITIAL BANK AN-
GLE AND INPUTTING THE G-LEVEL AND TIME TO REVERSE BANK AS LARGE
VALUES.

A. TAPE SETUP FOR THE UNIVAC 11C8 DATA PROCESSING SYSTEM
TAPE UNIT TAPE DESCRIPTION

EPHEMERIS TAPE

SCRATCH UNIT CN FASTRAND
ARMACR PROGRAM (PCF) TAPE
MISSICN DATA TAPE

SCRATCH TAPE

ARS PRCGRAM (PCF) TAPE

-~ XK e
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Re CONTROL CARD LISTING FOR THE UNIVAC 1108 DATA PROCESSING

SYSTEM,

COLUMN 1 4 8

* MSG
ASG I = SEPHEM
ASG K
ASG R = XXXX

ASG T = XXXX

ASG U = XXXX
ASG V

XQT CUR

TRW R
IN R

TRI R

N XQT ARMACR
PHASE (My Ny, O, P)

COLUMN 1
PHASE (MyN)

ENDRUN

XQT
ERS

TRW T
IN T

XQ0T COLSUS/XXX
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COMMENTS

EVPHEMERIS TAPE UNIT

SCRATCH UNIT ON FASTRAND

ARMACR PRCGRAM (PCF) TAPE

NUMBER

ARS PROGRAM (PCF) TAPE

UNIT

MISSICN CATA TAPE NUMBER

SCRATCH UNIT (200-WORD

RECORD)

EXECUTE THE FOLLOWING

INSTRUCTICNS

REWIND UNIT R

INPUT THE ENTIRE USER PCF

FRCM UNIT R

REWIND UNIT R WITH

INTERLOCK

EXECUTE ARMACR PROGRAM

M IS THE PHASE NUMBER

N IS THE PHASE TYPE

0 IS THE CATE UPDATE
NUMBER

P IS THE FILE NUMBER OF
THE DATA TAPE

ARMACR UPCATES FOR PHASE 1

ARMACR UPCATES FOR PHASE M

LAST CARD IN THE ARMACR
PHASE UPDATES

INPUT OCTAL VECTOR FROM
1004

INPUT REFSMATT FROM 1004
EXECUTE THE FOLLOWING
INSTRUCTICNS

ERASE LAST PROGRAM FROM
MEMORY _

REWIND UNIT T

INPUT THE ENTIRE USER PCF
FROM UNIT T

EXECUTE ARS PROGRAM (SCS
FOR BACKUP MODES AND DAP
FCR G AND N ENTRIES




. ARS DATA CARDS

ENDRUN LAST CARD OF THE ARS DATA
CARDS
EOF END OF FILE CARD

*INCICATES 7/8 OVERPUNCH IN COLUMN 1
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C. INPUTS TO ARS PROCESSORS .

ADDITIONAL ARMACR INPUT QUANTITIES FCR THE ARS PROCESSOR ARE
LISTED BELOW

PHASE (1,4043,P) = ANY FILE FOR ARS ENTRY

ARS(38)  (FP) ENTRY WEIGHT (SET TC 12425.0 ON TAPE) ‘

ARS(48) 1. PREBURN SUMMARY SHEET

ARS(90)  (FP) FOOTPRINT QPTION
= 0. DO NOT CCMPUTE FOOTPRINT .
= 1. COMPUTE FCOTPRINT

ARS(95)  (FP) EMS INITIALIZATION G-LEVEL OR ALTI- )
TUDE (SET TO 0.C5G IN ARS PROGRAM)

ARS(49)  (FP) LAD (SET TO 0.27 CN TAPE)

ARS(5G)  (FP) LOD (SET TO 0.2C7 ON TAPE)

ARS(9S)  (FP) DIRECTION TO BEGIN BANK

0 SOUTH THEN NORTH
1 NORTH THEN SOUTH

]

PHASE {(N,M) = ANY PHASE

TINTFC I 2C0-WORD RECORD FLAG
THIS 200-WORD ARRAY CONTAINS THE
INFORMATICN NECESSARY TO WRITE THE
INTERFACE RECORD LSED TO INITIATE
OTHER PROGRAMS ARMACR COMPUTES
WORDS 1-37 AND 130-136. ALL OTHER
WORDS WILL BE ZERQO UNLESS THEY HAVE
BEEN INPUT.
= 0 THE 2CO-WCRD RECORD WILL NOT BE -
WRITTEN,
= N THE 200-WCORD RECORD WILL BE
WRITTEN FOR VEHICLE (N), WHERE .
N =1CR 2y AT THE TERMINAL
POINT OF THE PHASE IN WHICH
TINTFC IS INPUT,

MODE 1 = AUTOMATIC GUIDANCE AND NAVIGATICN CONTROL
PHASE (140434P) = ANY FILE FOR ARS ENTRY

ARS(39) 1. AUTOMATIC GUIDANCE AND NAVIGATION
CONTROL STEERING MODE

ARS(40) 0.05 XIGS
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ARS(52) (FP) TARGET LONGITUDE

ARS(53) (FP) TARGET LATITUDE

MODE 2 - OPEN LOOP FOLLOWED BY GUICANCE AND
NAVIGATICN CONTROL

PHASE (1+0+34P) = ANY FILE FOR ARS ENTRY

ARS(39) 2 OPEN LOOP WITH G AND N TAKEQVER

ARS(40) (FP) X1 G*S (SET 7O 1.C CN TAPE)

ARS(41) (FP) INITIAL BANK TO X1 G*'S (SET TO 180.0
ON TAPE)

ARS(42) (FP) X2 G*S

ARS(43) (Fp) BACKUP BANK TQ X2 G'S

ARS(52) (FP) TARGET LONGITUDE

ARS(53) (FP) TARGET LATITUDE

MODE 3 BANK /REVERSE-BANK

PHASE (140,3+P) = ANY FILE FOR ARS ENTRY

ARS(39) 3. BANK/REVERSE=BANK

ARS(40) (FP) X1 G*S (SET TO 1.0 CN TAPE)

ARS(41) (FP) INITIAL BANK TQ X1 G'S (SET TO 180.0
ON TAPE)

ARS(52) (FP) TARGET LONGITUDE

ARS(513} [FP) TARGET LATITUDE

MODE 4 COMBINED BANK/REVERSE-BANK AND GUIDANCE
AND NAVIGATION CONTROL

PHASE(1+0+43,P) = ANY FILE FOR ARS ENTRY -

ARS(39) b4e COMBINED BANK/REVERSE-BANK AND
GUIDANCE AND NAVIGATICN CONTROL
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ARS(40) (FP) X1 G*S (SET Y0 1. CN TAPE)

ARS(41) (FP) INITIAL BANK TO X1 G*'S (SET TG
180. ON TAPE)

ARS(42) (FP) X2 G'S

ARS(52) (FP) TARGET LONGITUDE

ARS(53) (FP) TARGET LATITUDE

MODE 5 ROLL ING

PHASE(1+404+3,P) = ANY FILE FOR ARS ENTRY

ARS(3G) S5e ROLLING

ARS(40) (FP) X1 G'S (SET TO 1. CN TAPE)

ARS(41) (FP) INITIAL BANK TO X1 G*'S (SET 7O
18C. ON TAPE)

ARS(52) (FP) TARGET LONGITUDE

ARS(S52) (FP) TARGET LATITUDE

MODE 6 OPEN LOOP

PHASF(1,043,P) = ANY FILE FOR ARS ENTRY

.ARS(39) 6. OPEN LOOP
ARS(40) (FP) X1 G*'S (SET 70 1. CN TAPE) .
ARS(41) (FP) INITIAL BANK TO X1 G*S (SET 7O
180. ON TAPE) )
ARS(43) (FP) BACKUP BANK TO GETHRS
ARS(44) (FP) GETRR (TIME TO REVERSE BANK SEC)
ARS(52) (FP) TARGET LONGITUDE
ARS(532) (FP) TARGET LATITUDE
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10.2.3 GOST PROCESSOR. = THIS PROCESSOR wILL PRIMARILY BE USED
TO VERIFY THE CM IMU STABLE MEMBER ALIGNMENT MADE BY USING THE
CNBOARD OPTICAL SIGHTING EQUIPMENT CONSISTING OF A SCANNING
TELESCOPE, A SEXTANT, AND A BORE SIGHT., BY USING A CATALOG OF
STAR AND FARTH FIXED LANDMARK LOCATIONS, THIS PROCESSOR WILL
CALCULATE IMU GIMBAL ANGLES, REFSMMATS, AND THE SHAFT AND TRUN-
NICN ANCLES OF THE OPTICAL EQUIPMENT. THE PROCESSOR HAS SEVERAL
OPTIONS WHICH MAY BE USED TO DETERMINE THE POSITION OF STARS ON
THE INSTRUMENT RETICLES, TO DETERMINE THE NECESSARY SPACECRAFT
ATTITUDE FOR VIEWING A GROUND TARGET, TC DETERMINE REFSMMAT, AND
TO DETERMINE IMU GIMBAL ANGLES.
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A. TAPE SETUP FOR THE UNIVAC 1108 DATA PROCESSING SYSTEM

TAPE

< 0

Be CONTROL
SYSTEM

COLUMN 1 4
MSG
ASG
ASG
ASG

ASG
ASG

xarT

EN XOT

ENDRUN
N XQT

N XQT

EOF

*INCICATES 7/8 OVERPUNCH IN COLUMN 1

UNIT

TAPF DESCRIPTION

GEMMV FRQOGRAM (PCF) TAPE
EPHEMERIS TAPE UNIT
ARMACR PROGRAM (PCF) TAPE
MISSICN DATA TAPE

SCRATCH TAPE (200-wWORD
RECORD)

CARD LISTING FOR THE UNIVAC 11C8 CATA PROCESSING

D>
1]

XXX X

g
"

$EPHEM

Pl
"

XXX X

XXX X

< C
I}

CUR

TRW R
IN R

ARMACR

CUR
ERS
PER A
PER A
IN A

TRW I
CGOST
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CCMMENTS

GEMMV PRCGRAM (PCF) TAPE
NUMBER

SUNs MOCON, AND STAR
EPHEMERIDES

ARMACR PRCGRAM (PCF) TAPE
NUMBER

MISSICN CATA TAPE NUMBER
SCRATCH TAPE (200-WORD
RECORD)

EXECUTE THE FOLLOWING
INSTRUCTICNS

REWIND UNIT R

INPUT THE ENTIRE USER PCF
FRCM UNIT R

SCURCE LAMNGUAGE CORREC-
TIGNS (PATCHES)

EXECUTE ARMACR PROGRAM

ARMACR UPCATES

LAST ARMACR DATA CARD
EXECUTE THE FOLLOWING
INSTRUCTICNS

ERASE LAST PROGRAM FR(OM
MEMQORY

POSITION TAPE A TO A END
OF FILE

PCSITION TAPE A TO A END
OF FILE

INPUT THE ENTIRE USER PCF
FROM UNIT A

REWIND UNIT I

EXECUTE GOST PROGRAM

GOST DATA CARDS

END OF FILE CARD



GOST PROCESSOR
(FILE 1 UNIVAC 11C8)

A. THE INPUT QUANTITIES FOR THE ARMACR PART CF THE PROCESSOR
ARE THE SAME FOR ALL GCST OPTIONS (WITH TwO EXCEPTIONS
WHICH ARE INDICATED). THE STANDARD INPUT QUANTITIES ARE
LISTEC RELOW.

PHASE (1+4C9s3s1) = INITIAL COAST PHASE

IVECT I OCTAL VECTOR INPUT FLAG

0 NO VECTOR DATA SET WILL BE .
INPUT

1 ONE OCTAL VECTCR IN BESSELIAN
COORDINATES

2 TWO OCTAL VECTCRS IN BESSELIAN
CODRDINATES

1l

IREFM I INPUT REF SMMAT FLAG

0 REFSMMAT WILL NOT BE INPUT
1 ONE REFSMMAT WILL BE INPUT
2 TWO REFSMMATS wWILL BE INPUT

iwoon

ATYPE 10 INPUT IMU GIMBAL ANGLE

ROLL1Y (FP) GIMBAL ANGLES (P,Y,R) (SET TO
Oe10s+0. CN TAPE)

GETHRS (FP) PHASE TERMINATICN

TINTFC I 2C0-WORD RECORD FLAG

B. THE OPTIONS OF THE GOST PART OF THE PROCESSOR TO BE INPUT,
AS WELL AS THE CARD FORMATS ARE LISTED BELOW. OPTION 1 OR
11 REQUIRES TWO INPUT CARDS WHILE OPTION 5 OR 15 REQUIRES
FOUR INPUT CARDS. THE REMAINING OPTICNS EACH REQUIRE
ONLY ONE CARD. ALL DATA PUNCHED IN COLUMNS 10 THROUGH 70 .
MUST HAVE DECIMAL POINTS, THE GOST INPUT CARDS ARE PLACED
IN THE SPECIAL GOST ON-LINE DECK JUST AFTER THE °*XCG DGOST!®
CARD. .

OPTION 1 CR 11
INPUT THE [DENTIFICATICN OF TWC STARS AND THE
SEXTANT SHAFT AND TRUNNICN. ANGLE

COMPUTE" REFSMMAT
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OPTION 2 OR 12
INPUT!

COMPUTE

OPTION 3 OR 13
INPUT

COMPUTE

OPTION 4 OR 14

NO INPUTS ARE NEEDED FCR CPTION 2 DR 12

THE LOCATION OF TwO STARS WHICH ARE IN
THE SCANNING TELESCOPE FIELD OF VIEW AT A
SPECIFIED SPACECRAFT ATTITUDE AND IMU

AL IGNMENT, THE TWO STARS MUST SATISFY THE
CONDITION THAT CNE STAR LIES ON THE R-
LINE AND THE OTHER STAR LIES AS CLOSE AS
POSSIBLE TO THE M=LINE OF THE TELESCOPE
RECTICLE PATTERN,

THE IDENTIFICATICN OF STARS
THE SEXTANT SHAFT AND TRUNNION ANGLES FOR

EACH OF THE INPUT STARS,

THE SPACECRAFT LVLH ROLL AND YAW ANGLES
PLUS THE SPACECRAFT PITCH ANGLE TO THE
HORIZON,

GIMBAL ANGLES AND LVLH PITCH ANGLE
THIS OPTION IS THE SAME AS OPTICN 1 OR 11

EXCEPT IMU GIMBAL ANGLES ARE INPUT IN THE
GOST RATHER THAN THE GEMMV PROGRAM,

INPUT
COMPUTE?
OPTICN 5 OR 15
INPUT
COMPUTE?*
OPTION 1-2
NUMBER
1 OR 11 11
11
2 OR 12 12
3 0DR 13 13
4 OR 14 14
15
5 OR 15 15
15
15

REFSMMAT
COLUMNS
10-25 30-45 50-65
STAR NO.1 SHAFT NO.1 TRUNNICON NO.1
STAR NO,.?2 SHAFT NO.2 TRUNNION NO.2
* * *
STAR NO.1 STAR NC.2
LVLH ROLL % LVLH YAW
STAR NO.1 SHAFT NC.1 TRUNNION NO.1
STAR NO.2 SHAFT NO.2 TRUNNION NO.2

ROLL GA NO.1

ROLL GA NO.2

10-25

PITCH GA NO.1

PITCH GA NO.2

YAW GA NO.1

YAW GA NO.2



*NORMALLY THESE COLUMNS SHOULD BE BLANK. IF NCN-BLANK, COLUMNS
10-15 SHOULD CONTAIN THE RCLL GIMBAL ANGLE, CCLUMNS 30-45 SHOULD
CCNTAIN THE PITCH GIMBLE ANGLEs, AND COLUMNS 5C-65 SHOULD CONTAIN
THE YAW GIMBAL ANGLE. IF ANY OF THESE ANGLES ARE ZEROs THEY MUST
BE PUNCHED .G0O0O1.

**NORMALLY A BLANK OR O. EITHER IS RECCGNIZED BY THE PROGRAM AS
A 21,7 DEGREE PITCH BETWEEN THE X-BODY AXIS AND LINE=-OF=SIGHT TO
THE HORIZON. OTHERWISE, THE PITCH ANGLE (IF OTHER THAN 31.7 DEG)
SHOULD RE INPUT.
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1Ce2+.4 EARTH-LIGHT ILLUMINANCE PROCESSOR. = THIS PROCESSOR

AILL BE USED TO COMPUTE THE TOTAL AMOUNT OF REFLECTED EARTH=LIGHT
CN THE SPACECRAFT SCANNING TELESCOPE.
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A. TAPE SETUP FOR THE UNTVAC 1108 DATA PROCESSING SYSTEM

TAPE

< T 0 e D

B. CONTROL
SYSTEM

CCLUMN 1 4
MSG
ASG
ASG
ASG

ASG
ASG

XaT

EN XQT

ENDRUN
N X0T

UNIT

TAPE DESCRIPTION

GEMMV PROGRAM (PCF) TAPE
EPHEMERIS TAPE UNIT
ARMACR PROGRAM ({PCF) TAPE
MISSICN DATA TAPE

SCRATCH TAPE (290-WORD
RECORD)

CARD LISTING FOR THE UNIVAC 11C8 pAaTa PROCESSING

>
[}

XXXX

-
i

$SEPHEM

<]
(]

XX XX

XX XX

[ o
[}

CUR

TRW R
IN R

ARMACR

CUR

ERS

]
m
s}
I>»

PER A

10-29

CCMMENTS

GEMMV PRQGRAM (PCF) TAPE
NUMBER

SUNs MOCN, AND STAR
EPHEMERIDES

ARMACR PROGRAM (PCF) TAPE
NUMBER

MISSICN DATA TAPE NUMBER
SCRATCH TAPE (200-wWQORD
RECORD)

EXECUTE THE FOLLOWING
INSTRUCTICNS

REWIND UNIT R

ITNPUT THE ENTIRZ USER PCF
FRCM UNTT R

SCURCE LANGUAGE CORREC-
TIONS (PATCHES)

EXECUTE ARMACR PROGRAM

ARMACR UPCATES

LAST ARMACR DATA CARD
EXECUTE THE FOLLOWING
INSTRUCTICNS

ERASE LAST PROGRAM FROM
MEMGORY

PCSITION TAPE A TO A END
OF FILE

POSITION TAPE A TO A END
OF FILE

POSITION TAPE A TO A END
OF FILE

PCSITION TAPE A TGO A END
OF FILE



PER A
PER A
PER A
IN A

TRW 1
N XQT LUMAN

EQF

*INDICATES 7/8 OVERPUNCH IN COLUMN 1
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PCSITION TAPE A TO A END
OF FILE

PCSITION TAPE A TN A END
OF FILE

PCSITION TAPE A TGO A END
OF FILE

ENPUT THE ENTIRE USER PCF
FROM UNIT A

REWIND UNIT 1

TLLUMINANCE DATA CARDS

GCST DATA CARDS

END OF FILE CARD




EARTH~LIGHT ILLUMINANCE PRCCESSOR

(FILE 8y UNIVAC 1108)

A. THE STANDARD ARMACR INPUT QUANTITIES ARE LISTED BELOW

IVECT I OCTAL VECTOR INPUT FLAG
= 0 NO VECTOR DATA SET WILL BE
INPUT
= 1 ONE OCTAL VECTOR IN BESSELIAN
COORDINATES
= 2 TWO OCTAL VECTCRS IN BESSELIAN
COORDINATES

IREFM I INPUT REF SMMAT FLAG

0 REFSMMAT WILL NOT BE INPUT
1 ONE REFSMMAT WILL BE INPUT
2 TWO REFSMMATS WILL BE INPUT

GETHRS (FP) PHASE TERMINATICN

IINTFC 1 200-WORD RECORD FLAG

Re INPUTS TO THE EARTH=LIGHT ILLUMINANCE PROCESSOR ARE LISTED
BELOW

CARD 1 DATA CARD
COLUMNS
11-30 SHAFT ANGLE
CARD 2 NEXT FILE ON PCF TO BE EXECUTED
COLUMNS
1-6 FILE N (NORMALLY SET TO C)
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11« SCLAR PARTICLE ALERT NETWORK PROGRAM (SPAN)

11.1 GENERAL

THIS SECTION PRESENTS A BRIEF DESCRIPTICN CF THE SPAN PRO-
3RAM, INCLUDING TAPE AND CONTROL CARD SETUPS AND INPUT INSTRUC-

TIONS.

11.2 PROGRAM DESCRIPTICN

THE SOL AR PARTICLE ALERT NETWORK (SPAN) PRCGRAM PROCESSES
SOLAR FLARF DATA FROM THE SOLAR PARTICLE ALERT NETWORK TO DETER-
MINE THE SOLAR PARTICLE ENVIRCNMENT IN THE EARTH-MOON REGION OF

SPACE.

11.3 TAPE SETUP FOR THE UNIVAC 1108 PROCESSING SYSTEM

TAPE

X
A8

11.4 CONTPROL

CCLUMN 1 4
MSG
ASG
ASG

ASG
x0T

N XQT

EOF

UNIT

8

A XXXX

B8

XXX X

X=XXXX
CUR
TRW A
TRW B
TRW X
IN X

RFANAL

L]
L]

TAPE DESCRIPTION

SPAN PRCOGRAM TAPpPE

FIRST AND SECOND DATA TAPES
PRODUCED BY THE 418 FRCM PAPER
TAPE. BOTH UNITS A AND Be UNIT
A ALONE, OR NEITHER UNIT MAY BE
UTILIZED, DEPCNDING ON WHETHER
PAPER TAPES ARE PROVIDED.

CARD SETUP FOR THE UNIVAC 1108 PROCESSING SYSTEM

CCMMENTS

FIRST TAPE GENERATED BY

418 IS PROVIDED

SFCCND TAPE GENERATED BY
418 IS PRCVIDED

SPAN PRCGRAM (PCF) TAPE

REWIND UNIT A

REWIND UNIT B

REWIND UNIT X

INPUT THE ENTIRE PCF FROM
UNIT X

EXECUTE SPAN PROGRAM

DATA
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11.5 INPUTS ‘

AN TNPUY SHEET FOR SPAN, CONTAINING AS MANY AS 30 INPUTS, IS
PROVIDED BY THE TRAJECTORY STAFF SUPPORT RCCM. CNE OR THWO
OUINCHED PAPER TAPES MAY ALSUO BE PROVIDED, IN WHICH CASE, THESE
TAPES ARE PROCESSED BY THE 418 IN BUILDING 12, WITH THE RESULTS
REING PUT ON ONE OR TWO MAGNETIC TAPES. IF TWO TAPES ARE PRO-
CUCEDs UNITS A AND-B WILL BE ASSIGNED TO THESE TAPE NUMBERS. IF
CNE TAPE IS PRODUCED, UNIT A WILL BE ASSIGNED TC THAT NUMBER, .
THE CARD INPUT DATA FOR SPAN BEGINS IN COL.1 ANDC CONSISTS OF THE
NUMBERS AND LETTERS ON THE SPAN INPUT SHEET, AS PROVIDED BY THE
SSRy INCLUDING THE TwWwO INPUT SEQUENCE NUMBERS. ONLY THOSE CARDS
CCANTAINING CATA ON THE PRCVIDED SHEET NEED TO BE INPUT,. -
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12. OPERATING INSTRUCTIONS FOR THE APOLLO GENERALIZED OPTICS
PRCGRAM (AGOP)

12.1 GENERAL

THE APCLLO GENERALIZED OPTICS PROGRAM TNCLUDES THOSE
COMPUTATIONS PRESENTLY BEING PERFORMED BY GOST, SOME JPTICS OF
THE WORK SCHECULE PROCESSORs A LM OST (LOST), STAR SIGHTING
TARLE (SST)s ANC OTHER RELATED OPTICS/ANTENNA PCINTING CALCUL-
ATICNS. THESE CALCULATIONS CAN BE MADE FCR EITHER VEHICLE (CSM
QR LM), BOTH VEHICLES, OR VEHICLES IN A DOCKED CONFIGURATION,.
THERE ARE 9 OPTIONS PRESENTLY AVAILABLE WITH 3 CF THESE TO BE
USEDR FOR SUPPORT OF APOLLO 9.

12.2 PROGRAM DESCRIPTION

CPTION 1 OF THE APOLLO GENERALIZED OPTICS PRCGRAM WILL BE
USED FOR CISLUNAR NAVIGATION, THIS PROGRAM CPTICN DEFINES AN
INERTIAL ATTITUCEZ WHICH WILL ALIGN THE CPTICAL SYSTEM TO THE
HGRIZON OR SOME SPECIFIED LANDMARK ON THE EARTH OR MOON.
QUTPUT CONSIST OF IMU GIMBAL ANGLES AND THE OPTICS SHAFT AND
TRUNNION ANGLES TO POINT THE SEXTANT AT THE SPECIFIED STAR.
IF THE REQUIRED ATTITUDE CANNOT BE OBTAINED WITHOUT GOING
THROUGH GIMBAL LOCK, A 'PSEUDC METHOD® 1S AVAILABLE WHEREBY A
YAW GIMBAL ANGLE IS INPUT AND THE PROGRAM CCMPUTES THE PITCH
AND ROLL GIMBAL ANGLES NECESSARY TO EFFECT THE DESIRED
ALIGNMENT,

OPTION 2 WILL ACCEPT A STATE VECTOR AND COMPUTE THE RIGHT
ASCENSION AND DECL INATION OF THE SPACECRAFT WITH RESPECT TO THE
EARTH, AND THE RIGHT ASCENSION AND DECLINATICN OF THE EARTH,
MCCN AND SUN WITH RESPECT TO THE SPACECRAFT. ANDITIONALLY IT

COMPUTES THE SAME QUANTITES REFERENCED TO AN INPUT LANDMARK WHEN

MODE 2 1S SELECTED.
MODE 2 OF OPTION 2 WILL COMPUTE RIGHT ASCENSIGON, DECLINATION,

AND THE UNIT VECTOR FROM THE SPACECRAFT TO THE SPECIFIED LAND-

MARK OR TO THE CENTER OF THE EARTH, MCCN, AND SUN AS DESIRED.

ALL STARS IN THE CATALOG (FARTH REFERENCED, 1969)
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OPTION & WILL ACCEPT A STATE VECTOR AND IMU GIMBAL ANGLES AND
COMPUTE THE PITCH AND YAW ANGLES OF THE ONBCARD S-BAND HI-GAIN
ANTENNA, S-BAND STEERABLE ANTENNA, AND RENDEZVCLS RADAR ANTENNA
NECESSARY T( POINT AT A SPECIFIED GROUND BASED RADAR. THIS COMP-
UTATION ALSO OUTPUTS THF RELATED AZIMUTH AND ELEVATION ANGLES
REQUIRED FOR THE GROUND STATICN TO ACQUIRE THE SPACECRAFT. AN
APDITIONAL OPTION PROVIDES THE CAPABILITY OF FIXING THE
ANTENMA POSITION AND COMPUTING THE NECESSARY SPACECRAFT GIMBAL
ANGLES FOR POINTING THE ANTENNA AT THE SPECIFIED GROUND STATION.

CPTION 5 COMPUTES THE IMU GIMBAL ANGLE REQUIRED TO PLACE THE
SPACECRAFT IN A PASSIVE THERMAL CONTROL (PTC) ATTITUDE, WITH THE
+X=AX1S ORIENTED 90 DEGREES WITH RESPECT TO THE SUN AND TO THE
EARTH FOR OMNIDIRECTIONAL COMMUNICATICN. IN ORDER TO AVOID GIMBAL
LOCK, THIS OPTION IS CONSTRAINED TO 20 DEGREES IN YAW GIMBAL
ANGLE. IF THE ALIGNMENT REQUIRES GREATER THAN 2C DEGREES,y A NEW -
PREFERRED REFSMMAT WILL BE COMPUTED WHICH WILL RESULT IN GIMBALS
EQUAL TO 0+040.

QPTION 6 COMPUTES THE ANGLE IN THE SPACECRAFT XZ PLANE FROM
THE SPACECRAFT X-AXIS TO THE LUNAR HORIZON AND THE LUNAR
TERMINATOR. THE QUTPUT GIVES THE PITCH DOWN ANGLE TO THE HORIZON
AND THE TERMINATOR, WITH AN INDICATION AS TC WHETHER THE HORIZON
IS LIT.

OPTION 7 (0OST) WILL PRIMARILY BE USED 1O VERIFY THE CMC AND
LM STABLE MEMBER ALIGNMENT MADE BY USING THE CNBOARD OPTICAL
SIGHT ING EQUIPMENT. THIS OPTION IS DIVIDED INTO 5 MODES WHICH
ARE AS FOLLOWS'

MODE 1 CCMPUTES THE YAW GIMBAL ANGLE REQUIRED TO PLACE THE
7-AXIS IN THE LOCAL VERTICAL PLANE AND A PITCH ANGLE WHICH
WILL PLACE THE KORIZON ON THE LANDING PCINT DESIGNATOR (LPD).
THE NECESSARY [NPUTS ARE REFSMMAT, GIMBAL ANGLES, AND TIME.

MODE 2 USES AN INPUT REFSMMAT, SPACECRAFT ATTITUDE, AND TIME
INTERVAL TO COMPUTE A0S, LOS, AND OPTICS ANGLES FOR 10 STARS.
THESE QUANTITIES WILL ALSO BE COMPUTED FOR INPUT STARS
(FFRCM 1 TO 10).

MODE 3 COMPUTES A REFSMMAT BY SPECIFYING THE TIME OF THE STAR
SIGHTINGS, STARS I.D.s» OPTICS ANGLESs AND SPACECRAFT ATTITUDE.
THE CAPABILITY EXISTS TO INPUT TWO SETS OF GIMBAL ANGLES WITH .
THE ABOVE INPUT DATA AND COMPUTE THE REFSMMAT.

MODE & USES AN INPUT PEFSMMAT, SPACECRAFT ATTITUDE FOR BOTH
VEHICLES, ANC A TIME TO COMPUTE THE SECOND VEHICLE REFSMMAT. IF
BCTH REFSMMATS ARE INPUT, THE SECOND VEHICLE ATTITUDE wWILL BE
COMPUTED.

12-2




MODE 5 CCMPUTES THS CSM GIMBAL ANGLES REQUIRED TO POINT THE
ANT AT THE DESIRED TARSFET, THE INPUTS ARE REFSMMAT, DOICKING
ANGLEy CNE STAR I.D. AND OPTICS ANGLES.

OPTION 8 (SST) WILL BE USED TO COMPUTE GROUNC AND CELESTIAL
STGHTING DATA FOR SELFCTED TARGETS. THE SPACECRAFT ATTITUDE CAN
Rz FIXED AND THE OPTICS MOVED, OR THE OPTICS ANGLES ARE FIXED
AND THE SPACECRAFT IS MOVED IN ORDER TO SIGHT THE TARGET. THIS
CPTION IS DIVICEC INTO 5 MODES WHICH ARF AS FCOLLOWS.

MODE 1 CCMPUTES IMU GIMBAL ANGLES FOR SIGNTING A SPECIFIED
LANDMARKe. INPUTS ARE REFSMMAT, LANDMARK, ELEVATION ANGLE, OPTICS
CATA, AND A TIME,

MODE 2 COMPUTES IMi GIMBAL ANGLES FOR SIGHTING A SPECIFIED
STAR., INPUTS ARE REFSMMAT, STAR I.D. OR RIGHT ASCENSION AND
DECLINATION, TIME, AND OPTICS DATA.

MONE 3 COMPUTES THE OPTICS ANGLES FOR SIGHTING A SPECIFIED
LANDMARK. INPUTS ARE REFSMMAT, LANDMARK, APTICS SYSTEM,
SLEVATION ANGLE, GIMBAL ANGLES, AND A TIME,

MODE 4 COMPUTES THE OPTICS ANGLES FOR SIGNTING A SPECIFIED
STAR, INPUTS ARE REFSMMAT, STAR I.D. OR RIGHT ASCENSION AND
DECLINATIONs TIME, AND THE OPTICAL SYSTEM,

MODE 5 COMPUTES AN IMAGINARY STAR GIVEN THE REF SMMAT,
GIMBAL ANGLE>, AND GPTICAL SYSTEM,

THE REQUIRED INPUTS DESCRIBED ABOVE ARE EITHER INPUT INTO ARMACR
JR AGOP. NORMALLY, THE ARMACR INPUTS ARE STATE VECTNR, REFSMMAT,
GIMBAL ANGLES, TIME INTERVAL AND STEP SIZE. THE AGOP INPUTS ARE
DESCRIBED BELOW,
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12.3 TAPF SETUP FOR THE UNIVAC 11C8 DATA PROCESSING SYSTEM, ‘

TAPE UNIT TAPE DESCRIFTION
A AGOP PROGRAM (PCF) TAPE
1 EPHEMERIS TAPE UNIT
R _ ARMACR PRCGRAM (PCF) TAPE
U

MISSICN DATA TAPE
EPHEMERIS TAPE FRCM ARMACR ‘
12.4 CONTROL CARD LISTING AND ONLINE CECK SETUP FOR THE UNIVAC
118 DATA PROCESSING SYSTEM.

CCLUMN 1 & 8

* MSG CCMMENTS
ASG A = XXXX AGOP PRGGRAM (PCF) TAPE -
ASG 1 =$EPHEM EPHEMERIS TAPE UNIT
ASG R = XXXX ARMACR PROGRAM (PCF) TAPE
NUMBER
ASG U = XXXX MISSICN DATA TAPE NUMBER
ASG Q EPHEMERIS TAPE TO BE WRIT-
TEN BY ARMACR
XQT CUR EXECUTE THE FOLLOWING
INSTRUCTICNS
TRW R REWIND UNIT R
IN R INPUT THE ENTIRE USER PCF
FRCM UNIT R
TRI R REWIND UNIT R WITH
INTERLOCK
N XOT ARMACR EXECUTE ARMACR PROGRAM
. ARMACR UPCATES
XQT CUR EXECUTE THE FOLLOWING
INSTRUCTICNS
ERS FRASE CORE
TRW A,Q REWIND UNITS A AND Q
IN A INPUT THE ENTIRE USER PCF
XQT AGOP EXECUTE THE AGOP PROGRAM )
G
. G-ARRAY INPUTS FOR CASE 1 *
TRA 244 EXECUTE CASE 1
G
. G-ARRAY INPUTS FOR CASE 2
TRA 244 EXECUTE LAST CASE
EOF END OF FILE CARD

* INDICATES 7/8 OVERPUNCH IN COLUMN 1
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12.5 AGOP INPUT DEFINITIGNS ‘

AGCP INPUTS CAN BE DIVIDED INTC TWO TYPES, GENERAL AND
REQUIRED. THE GENERAL INPUTS ARE THOSE THAT ARE COMMON TO ALL

THE OPTIGNS,

WHILE THE REQUIRED INPUTS ARE COMMON TO SPECIFIC

OPTIONS CR MJUDES. THE GENERAL INPUTS ARE LISTED BELOW FOLLOWED
BY THE REQIRED INPUTS FOR EACH OPTION,

GENERAL INPUTS

*G4

Gla

G24-o

G29

*G30

G31-9

G127

.Gl127

G128

Gll23

6255

G343

VEHICLE EPHEMERIS TAPE UNIT (IF OTHER
THAN Q) *

IF SET TO 1, REFSMMAT MUST BE INPUT IN
6G31-9 -

IMU GIMBAL ANGLES (D.G.Ay, [.M.Ay M.G.A)

SET TO O ON TAPE (EXPECTS GA*S TO BE IN-
PUT IN G24-6

SET TO 1 TO PICK UP GA*'S FROM ARM EPHEM-
ERIS TAPE

ACTIVE VEHICLE
=0 CSM

=1 LM

=2 CSM AND LM

REF SMMAT (TSMZI)

CSM SPECIAL OPTION FLAG

=0 NO EFFECT

=1 REPEAT RUN(WHERE LM UPTICS WERE USED)
FOR CSM OPTICS

LM SPECIAL OPTION FLAG

=0 NO EFFECT

=1 REPEAT RUN(WHERE CSM OPTICS WERE USED) N
FOR LM OPTICS

SPECIFIES WHICH SECTION OF THE EPH. TAPE .

CONTAINS CSM DATA

=0 CSM FIRST 40

=] CSM SECOND 40 ‘

SPECIFIES WHICH SECTION OF THE EPH. TAPE
CONTAINS LM DATA

=0 LM FIRST 40

=1 LM SECOND 40

ELEVATION ANGLE ‘

SET TO 1 TO INPUT FDAI ANGLES
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¥G34)-42

G248-50

G361-69
*G20J0

*G2Cu1-10

*G420
%5427
*G2C11

*G2Cl12

*51129

*G1130

LM FDAI ANGLES (R,P,Y)

SECGND SET OF IMU GIMBAL ANGLES FOR
MODE 3 ONLY

SECCND REFSMMAT FGR LM OPTICS ONLY
NUMBER OF STARS

STAR I.0.(1-10). IF SET TO 392 INPUT
RIGHT ASCENSION AND DECLINATION OF THE
STAR

RIGHT ASCENSION OF A STAR
VECLINATION OF A STAR
NUMBER OF LANDMARKS

LANDMARK NUMBER (1 TO 86)

IF NEW EARTH LANDMARKS ARE TO BE
INPUT, SET G2012 TO 1 AND INPUT THE
CUORDINATES AS FOLLOWS!

LEL DOEC LUNGITUDE,LATITUDE yHEIGHT

IF MGON LANDMARKS ARE TO BE INPUT, SET
G2012 TO 60 AND INPUT THE COORDINATES
AS FOLLOWS.

MLl OEC LONGITUDE,LATITUDE yHEIGHT

COCKEL CONFIGURATION (SET TO 1)

DOCKING ANGLE

CPTICAL DATA - FLAG TO SPECIFY WHICH OPTICAL SYSTEM TO BE

G373

Gall-12

G4l3-14

G373

G352

G353-54

USEDy FULLOWED 8Y THE CORRESPONDING INPUTS.

SET TO O TO USE THE CSM SXT/SCT (SEXTANT/
TELESCCPE) OPTICAL SYSTEM

SHAFT ANGLES FOR TwWwO STARS
TRUNNICN ANGLES FOR TWO STARS

SET TG 1 TO USE THE LM COAS (CREWMAN
OPTICAL ALIGNMENT SIGHT) OPTICAL SYSTEM

CUAS MCUNTED ON LM AXIS
=0 X-AXIS
=] Z-AXIS

EL (CCAS ELEVATION ANGLE) FOR TWO STARS
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G355-56

6373

G371-72

G352

G353-54

G355-56

SXP (PCSITION ON COAS RETICLE LINE) FOR
TWO STARS

SET TC 2 TG USE THE LM AOT (AL IGNMENT
OPTICAL TELESCGOPE) OPTICAL SYSTEM

AOT LINE [.D. FOR TWO STARS
=] +Y-AXIS
=2 +X=AXIS
=3 -Y-AXIS
=4 =X-AXIS

’
AOT DETENT POSITICNS (O TO 5) -

Al (ANCLE TO PLACE STAR ON LINE I.D.)
FOR TwC STARS

A2 (ANCLE TO PLACE STAR ON SPIRAL)
FOR TWC STARS

THE FOLLOWING INPUTS CAN BE USED IF AGOP IS TO BE

EXECUTELD ALUNE.
Gl

*G3

G5

#GT
*G16
*G10-12
613
618-20
621-23
G106-8
G109-11

Gll2

(NU EPHEMERIS TAPE)

CURRENT GREENWICH LONGITUDE

SET TO 1 FUR EARTH REFERENCED INPUTS
SET TO 2 FUR LUNAR REFERENCED INPUTS

SET TO 1 IF ALL INPUT WILL BE FROM CARDS.

SET TC O IF EPHEMERIS TAPE WILL BE USED

FOR ANY INPUTS.

(FOR INSTANCE THE VECTOR AND TIME MAY BE

TAKEN FROM THE TAPE. IN ALL CASES, CARD

INPUT CVER—-RIDES EPHEMERIS TAPE INPUT.

YEAR

CAY OF YEAR OF LIFT-0FF .
HRy MIN, SEC OF LIFT-OFF

VECTOR TIME (G.E.T. HOURS)

POSITICN VECTOR (BESSELIAN ECI ER) .
POSITICN VECTOR (BESSELIAN MCI ER)

POSITICN VECTOR (BESSELIAN ECI FT)

POSITICN VECTOR (BESSELIAN MCI FT)

SET TO 0 IF POSITION VECTOR IS IN FT, .
1 IF IN ER
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Gl101-3 VECTOR TIME(G.E.T. HRS, MIN, SEC)

G113 SET TC 1 IF G.EoT.o IS INPUT IN HRS, MIN,
SEC

CPTICN L - CISLUNAR NAVIGATION

G201 MODE TC BE USED
1 STAR/EARTH HORIZON
2 STAR/MOCN HORIZON
3 STAR/EARTH LANDMARK
4 STAR/MOON LANCMARK
G20 6-8 GeEseT. START HR, MIN, SECS
G21GC-12 GeEeT. STOP HRy MIN, SECS
G214 DELTA T MIN
*(G2Co0 NUMBER OF STARS
*¥G2001 STAR [.D.
G215 SET TC 1 FOR 'PSEUUO METHOD' {YAW GIMBAL
INPUT)
G26 DESIREC YAW FOR G215=1

CPTIGON 2 - REFERENCE BOCY COMPUTATION

G225 SET 10 1

G226-8 GeEoT. START HR, MIN, SECS
6229-31 GeEoT. STOP HR, MIN, SEC
*G2o11 NUMBER OF LANDMARKS

*¥G2C1l2 LANDMARK NUMGMER

G236 DELTA T MIN

6237 CPTICN FOR MODE 2 OF OPTION 2

O EITFER O GR NO INPUT CALLS MODE 1

1 CENTER OF EARTH *THESE OPTIONS OUT-

2 CENTER CF MOON *¥PUT RIGHT ASCENSION,
*DECLINATION, AND
*UNIT VECTOR TO THE

3 CENTER CF SUN *SPECIFIED BODY FROM

4 LANCMARK (E OR M) *THE SPACECRAFT

12-9



CPTICN 3 - STAR CATALOG .

G24C SET TO0 1

CPTIGN 4+ — ANTENNA POINTING

G24-0 IMU GIMBAL ANGLES {0.G.A.y 14GeAey MeGeAL) ‘
(INPUT IF OTHER THAN THOSE ON THE
EPH. TAPE)

*G3C ACTIVE VEHICLE
=) CSM
=1 LM
=2 CSM AND LM

G25¢C ANTENNA POINTING GPTION

=] S—-BAND HI-GAIN (MOVABLE)

=2 S—-BAND STEERABLE (MOVABLE)

=3 RENCEZVOUS RADAR (MOVABLE)

=4 S-BAND HI-GAIN (FIXED) (TO COMPUTE
LM GIMBALS WHEN DOCKED INPUT CSM AS
VEHICLE TwO, LM AS VEHICLE ONE, AND
A NEGTIVE DOCKING ANGLE)

=5 S-BAND STEERABLE (FIXED) (TO COMPUTE
CSM GIMBALS WHEN DOCKED INPUT THE CSM
REFSMMAT INTO G-ARRAY G31-9 AND
G1031-9)

=6 RENCEZVOUS RADAR (FIXED) (TGO COMPUTE
CSM GIMBALS WHEN DOCKED INPUT THE CSM
REF SMMAT INTO G-ARRAY G31-9 AND

61021-9)

G252-4 GeEoT. START HR, MIN, SECS
G263-5 G.E.T. STOP HR, MIN, SECS
G267 DELTA T MIN ‘
G255 DESIREC ELEVATION ANGLE .
*(2C11 NUMBER OF LANDMARKS
*G2012 LANDMARK NUMBER
626 8-9 ANTENNA PITCH AND YAW ANGLES (REQUIRED

FOR G250=4+5, OR 6)
G270 AX1S DIRECTION (LM MUST BE VEH. 2)

=0 HEALS UP

=1 HEACS ODOWN
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OPTICN 5 =~ PASSIVE THERMAL CCNTROL (PTC) ATTITUDE

G215 SET TO 1

G279-81 GeEeTe START HR, MIN, SECS
G283-5 GeE.Te STOP HR, MIN, SECS
6286 DELTA T MIN

CPTION o - TERMINATOR-HCRIZON ANGLES

G306 SET TGO 1 FOR OPTION 6

G301-303 GsEsTos OF START HR, MIN, SECS

G307 DELTA TIME BETWEEN COMPUTATIONS (MINS)

G310 SET TQO 1 TO HAVE CPTION 6 EXECUTED FOR
FIRST AND LAST POINTS ONLY OF THE EPHEM-
ERIS TAPE

CPTICN 7 - OST

MCDE 1 LM HCRIZUN CHEC(K

G133) SET TC 1 TC CALL MODE 1 {(VEHICLE TWO)
*G30 LM VEHICLE ACTIVE (SET 7O 1)

G1331-33 GsEeTe START HRy MIN, SEC

Gl334-36 GeEsT. STOP HR,y, MIN, SEC

G1337 DELTA T MIN

Gll23 SET TO 2 TO READ VEHICLE TwO DATA

FRUOM THE SECUND HALF OF EPH. TAPE

MODE 2 ALIGNMENT AND MANEUVER CHECK

G33C SET TG 2 TG CALL MODE 2
*G3C ACTIVE VEHICLE

=0 CSM

=1 LM

=2 CSM AND LM
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G373

G359

G360

*G2090
*G20J1-10
6G331-33
G334-36

6337

MODE 3 COMPUTE
6339

*G30

G373

G344

- *G20)J0

*G2001-2
G331-33
G334-36

G337

MCOE 4 DOCKING
G330

*G30

SET TO DESIRED OPTICAL SYSTEM
=0 UNLY INPUT REQUIRED

=1 INPLT G352

=2 INPLUT (G371-72 AND G352
UPTIGN FLAG

=0 STAR SEARCH

=] STARS WILL BE INPUT

STAR NUMBER TO BEGIN SEARCH
(WwILL EBEGIN WITH 1 IF NOT SET)

NUMBER OF STARS (REQUIRED IF 6359§1)

STAR T.D.*S (REQUIRED IF G359=1)

GeE«Te START HRy MIN, SEC (REQUIRED INPUT)
GeEo.Te STOP HRy MIN, SEC (REQUIRED INPUT)

DELTA T MIN

REFSMMAT
SET TO 3 17O CALL MODE 3

ACTIVE VEHICLE
=0 CSM
=1 LM
=2 CSM AND LM

SET TO DESIRED OPTICAL SYSTEM
(INPUT RELATED OPTICS ANGLES)

SET TO 1 TO INPUT TWO SETS OF ATTITUDES
NUMBER OF STARS

TWO STAR [.0.'S

GeEeToe START HR, MIN, SEC

GeEeT. STOP HR, MIN, SEC

DELTA T MIN

AL TGNMENT
SET TO 4 TG CALL MODE ¢

CSM ANC LM ACTIVE (SET TO 2)
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CPTI(N 4

*Gl129

*G1130
G385

G331-33
G334-36

G337

COCKEC CONFIGUKATIJUN (SET 1O 1)
DOCKING ANGLE
OPTICN FLAG
=C COMPUTE GIMBAL AND FDAI ANGLES
=1 COMPUTE REFSMMAT

( INPUT REQUIRED G-ARRAYS)
GeEeT., START HRy MIN, SEC
G.EOT. STOP HR' MIN, SEC

DELTA T MIN

MODE 5 POINT AQT WITH CSM

G330

*G30

*Gl129
*G1l130

G373

*6G2CJ0
*G2091
G3231-33
G334-36

G337

- §S§T

SET TG 5 TG CALL MODE 5

CSM ANC LM ACTIVE (SET TO 2)

=0 CSM

=1 LM

=2 CSM AND LM

COCKEC CONFIGURATION (SET 70O 1)
DOCKING ANGLE

SET TG 2 TG CALL AQT OPTICS
(INPUT RELATED OPTICS ANGLES)

SET TC 1 TO INPUT 1 STAR
STAR 1.D.

GeEoTs START HR, MIN, SEC
GeEo.T. STGOP HR, MIN, SEC

CELTA T MIN

MODE 1 LANDMARK FIXED QPTICS

G400

*G3C

SET TG 1 TGO CALL MODE 1

ACTIVE VEHICLE
=0 CSM
=1 LM
=2 CSM AND LM
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*G2011 NUMBER OF LANDMARKS

*G2012 LANDMARK NUMBER

G255 ELEVATION ANGLE

6373 SET TG DESIRED OPTICAL SYSTEM
(INPUT RELATED OPTICS ANGLES)

G401-03 GeEoT. START HR, MIN, SEC

G404-06 GeEoT. STOP HR, MIN, SEC

G407 CELTA T MIN

MCDE 2 STAR FIXED UPTICS

G400 SET TG 2 TG CALL MODE 2
*(G3C ACTIVE VEKICLE
=C CSM
=1 LM
=2 CSM AND LM
G373 SET TC DESIRED OPTICAL SYSTEM
(INPUT RELATED OPTICS ANGLES)
*G2GCJ0 NUMBER OF STARS
*G2001 STAR [.D.
G401-C3 GeEsTe START HRy MIN, SEC
640 4-C6 GeEeTo STOP HR, MIN, SEC
G407 DELTA T MIN

MGDE 3 LANDMARK MOVABLE OPTICS

G40¢C SET To 3 7O CALL MODE 3
*G3C ACTIVE VEHICLE

=0 CSM

=1 LM

=2 CSM AND LM
*G2011 NUMBER OF LANDMARKS
*G2012 LANDMARK NUMBER
G255 ELEVATION ANGLE
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G373

G401-03
G404-06

G407

>ceT TO DESIRED OPTICAL SYSTEM
=0 ONLY INPUT REWGUIRED

=1 INPLT G352

=2 INPUT G371-72 AND 6352

GeEsTe START HRy MIN, SEC
GeEeTe STOP HRy MIN, SEC

DELTA T MIN

MCDE 4 STAR MUVABLE GPTICS

G49C

*G30

*G2CJ0
¥G20u1l

6373

6401-03
6G404-C6

G407

SET TO 4 TO CALL MODE 4
ACTIVE VEHICLE

=N CSM

=1 LM

=2 CSM AND LM

NUMBER OF STARS

STAR 1.D.

SET TO DESIRED OPTICAL SYSTEM
=0 UNLY INPUT REQUIRED

=1 INPUT G352

=2 INPUT G371-72 AND G352
GeEsTe START HR, MIN, SEC
GeEeT. STGP HR, MIN, SEC

DELTA T MIN

MODE 5 STAR SPECIAL

G40C

*G30

G373

G401-03
G404~-06

G407

SET TU 5 TO CALL MODE 5
ACTIVE VEHICLE

=0 CSM

=1 LM

=2 CSM AND LM

SET TO DESIRED OPTICAL SYSTEM
(INPUT RELATED OPTICS ANGLES)

GeE«Ts START HR,y MIN, SEC
G.EoT. STGP HR,s MIN, SEC

DELTA T MIN

12-15



*THESE G-ARRAYS ARE USED FOR EITHER VEHICLE ONE OR VEHICLE
1wO. THE REMAINNING G-ARRAYS LISTED ABOVE ARE FOR VEHICLE ONE,
BUT CAN RE CHANGED Tu VEHICLE TWO BY ADCING 100C TO THE G-ARRAY.

**xTQ SPCIFY A SINGLE TIME POINT, THE START AND STOP TIME
SHOULLU BE EQUAL.
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! ‘ 13. OPERATING INSTRUCTION FOR THE MASS PRCPEETIES, RZACTICN
CONTROL SYSTEM, SERVICE PROPULSION SYSTEM (MRS) PRAGRAM

13.1 GENERAL

THIS SECTION PRESENTS A BRIEF DESCRIPTICN CF THE MRS PROGRAM,

THE TAPE SETUP AND CONTROL CARDS REQUIRED TO CPSRATE THE PROGRAM
CN THE IBM T7C94 AND UNIVAC 11C8 DATA SYSTENMS,

. 13.2 PROGRAM DESCRIPTICN

THE MRS PROGRAM WILL BE USED TO GENERATE A CCMPLETE REACTION
CCNTROL SYSTEM PROPELLANT BUDGET USING PREVIOULSLY SUPPLIED DATA
’ FOR INDIVIDUAL MANEUVER PROPELLANT CONSUMPTION AND INTERNALLY
COMPUTED MASS PROPERTIES CHARACTERISTICS.,

13.3 TAPE SETUP FOR THE IBM 7094 DATA PRCOUESSING SYSTEM

TAPE UNIT TAPE DESCRIFTION
AS NEW BLCCKED ZVENT DEFINITIONS
B5 TIMELINE EVENTS
B6 BLOCKED EVENT DEFINITIONS

13.4 TAPE SETUP FOR THF UNIVAC 1108 PRCCESSING SYSTEM

TAPE UNIT TAPE NESCRIFTION
F NEW BLOCKED EVENT DEFINITIONS
G TIMELINE EVENTS
I BLOCKED EVENT DEFINITIONS
X MRS PRCGRAM TAPEC

13.5 CONTROL CARD LISTING FOR THE UNIVAC 1108 DATA PROCESSING
. SYSTEM

COLIMN 1 4 8

. MSG CCMMENTS
ASG F= XXXX NEW BLOCKFD EVENT
DEFINITICNS TAPE
‘ ASG G= XXXX TIMELINE EVENTS TAPE
ASG I= XXXX BLOCKEN SVENT DEFINITIONS
TAPE
| ASG = XXXX MRS PFOGRAM (PCF) TAPE
| XQT CUR EXECUTE THE FOLLOWING
INSTRUCTICNS
TRW FoGylsX REWIND UNITS FsGol, AND X
IN X INPUT THE =ENTIRE USER PCF
‘ FROM UNIT X
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N XQT MRSDRV EXECUTE THE MRS

o MRS CATA CARDS

EOF END OF DATA

13.6 INPUTS TO THE MRS PROGRAM

THE INPUTS TO THE MRS PROGRAM ARE PRESENTED
IN THF CSM MRS PROGRAM DESCRIPTICN (REFERENCE 6).
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14. OPERATING INSTRUCTIONS FOR THE LUNAR MODULE (LM) REACTION
CONTROL SYSTEM (RCS) CONSUMABLES PROGRAM

l4.1 GENERAL

THIS SECTION PRESENTS A BRIEF DESCRIPTICN OF THE LM RCS

PROGRAM, THE TAPE SETUP AND CONTROL CARDS REQUIRED TO OPERATE
‘ THE PROGRAM ON THE IBM 7094 AND UNIVAC 1108 DATA SYSTEMS.

14.2 PROGRAM DESCRIPTION

THE LM RCS PROGRAM GENERATES LM RCS PROPELLANT CONSUMPTION
BUDGETS IN RESPONSE TO AN INPUT MISSIGN TIMELINE EVENT
. OESCRIPTION. IT IS BASICALLY A BUDGET PROGRAM AND NOT A ACTUAL
STMULATION OF VEHICLE PERFORMANCE. THE RCS PROPELLANT
CCNSUMPTION CATA AND MASS PROPERTIES DATA USED ToO COMPUTE
THE PROFILE ARE STORED IN THE PROGRAM PRE-FLIGHT, BUT CAN BE
UPCATED IN REAL-TIME.

14+3 TAPE SETUP FOR THE IBM 7094 DATA PROCESSING SYSTEM

TAPE UNIT TAPE DESCRIFTION
A2 LM RCS PROGRAM (PCF) TAPE
‘ A5 NEW BLOCKED EVENT
DEFINITICN
A6 NAMELIST LMDATA TAPE
A7 OUTPUT TAPE
BS TIMELINE EVENTS
B6 BLOCKED EVENT DEFINITIONS

14.4 TAPE SETUP FOR THE UNIVAC 1108 PROCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTION
F NEW BLOCKED EVENT
e DEFINITICN
G TIMELINE EVENTS
H NAMELIST LMDATA TAPE
. I BLOCKED EVENT DEFINITIONS
J OUTPUT TAPE
X

‘ LM RCS PROGRAM (PCF) TAPE

14.5 CONTROL CARD LISTING FOR THE UNIVAC 1108 DATA PROCESSING

SYSTEM
COLUMN 1 4 8
MSG CCMMENTS
ASG F= XXXX NEW BLOCKED EVENT
: DEFINITIONS TAPE
ASG G= XXXX TIMELINE EVENTS TAPE
ASG I= XXXxX BLOCKED EVENT DEFINITIONS
TAPE

14-1



ASG X= XXXX
ASG HeJ
XQT CUR

TRW FoeGeloHyJdeX
IN X

N XOT LEMDRYV

EOQF

14,6 INPUTS TO THE LM RCS PROGRAM

LM RCS PRCGRAM (PCF) TAPE
SCRATCH TAPES

EXECUTE THE FOLLOWING
INSTRUCTICNS

REWIND UNITS FysGeIygHeJdy
AND X

INPUT THE ENTIRE USER PCF
FROM UNIT X

EXECUTE THE LM RCS
PROGRAM

LM RCS DATA CARDS

END OF DATA

THE INPUTS TO THIS PROGRAM ARE CONTAINED IN THE LM RCS
CONSUMARLES PROGRAM USER'S MANUAL (REFERENCE 7).
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% ‘ 15. OPERATING INSTRUCTION FOR THE DESCENT PROPULSION SYSTEM
SUPERCRITICAL HELIUM SYSTEM (SHE) PROGRAM

| 15.1 GENERAL

THIS SECTION PRESENTS A BRIEF DESCRIPTICN OF THE SHE PROGRAM,

THE TAPE SETUP AND CONTROL CARDS REQUIRED TO OPERATE THE PROGRAM
ON THE UNIVAC 1108 DATA PROCESSING SYSTEMS.

- -

15,2 PROGRAM DESCRIPTION

THIS PROGRAM MODELS THE DPS SUPERCRITICAL HELIUM PROPELLANT
TANK PRESSURIZATION SYSTEM, AND OUTPUTS THE MAXIUM PRESSURE THAT
N WILL RESULT DURING THE MISSION.

15.3 TAPE SETUP FOR THE UNIVAC 1108 PRCCESSING SYSTEM

TAPE UNIT TAPE DESCRIPTION
A SHE PROGRAM TAPE

15.4 CONTROL CARD LISTING FOR THE UNIVAC 1108 DATA PROCESSING

‘ SYSTEM

COLUMN 1 4 8

MSG CCMMENTS
ASG A= XXXX SHE PROGRAM (PCF) TAPE
XQT CUR EXECUTE THE FOLLOWING
INSTRUCTICNS
TRW A REWIND UNIT A
IN A INPUT THE ENTIRE USER PCF
FROM UNIT A
N XQOT MAIN EXECUTE THE SHE PROGRAM
N . SHE DATA CARDS
EOF END COF DATA
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15.5 INPUTS TO THE SHE PROGRAM '

THE INPUTS TO THIS PROGRAM ARE PRESENTED IN THE DESCENT
PROPULS ION SYSTEM SUPERCRITICAL HELIUM SYSTEM PROGRAM USER'S
GUIDE (REFERENCE 8), BUT ARE IN THE PROCESS OF BZING CHANGED.
THEREFORE, THE INPUTS REQUIRED WILL BE PUBLISHED AT A LATER TIME.
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16, OPERATING INSTRUCTION FOR THE SPACECRAFT ELECTRICAL
ENERGY NETWORK ANALYSIS (SEENA) PROGRAM

16.1 GENERAL

THE SEENA PROGRAM IS A ELECTRICAL POWER SYSTEM PROGRAM THAT
CAN BE CONFIGURED TO COMPUTE THE ELECTRICAL POWER PROFILE FOR
ANY SPACECRAFT. THE PROGRAM 1S DESIGNED TO CALL VARIOQUS BLOCKS
OF POWER CONSUMING COMPONENTS AND COMPUTE THE ENERGY CONSUMED.

A USER'S MANUAL IS BEING PREPARED AT THIS TIME.
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